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(57) [Sift] 

[ISM] 7 , 7X-7M|ci>i>§3^ h*fS<jJnx.2>r 
4fllJ(CiH«f*3 2£l2tt5„ irfem^Ffl 3 4(C7°7Xvife 

m,fo'< v r urn & m ± & -tt- 5 7° 5 xv mmmm k w-r 

*stJR#IB]S:.l OO m 8 o cKTit§„ 
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•11 

32 



2— n« 

3 2 -ism& 
3 4-«c«?siyj 



1 

^%tmz.z<D&&nj£fci&<n2.h±tf'omffl& i o o 
s. 

$L®.m u 7s & w&-r z h # (sawiiw k «s *r rwjp-t 5 z. 
k\z& o.r.*«ffiifi»^ffi*T-m»«a!nfl y 

i"5i:*{cii^>SS#:«JS&^»3t^)T^f)fl#W^ l 0 0 

M s e c 1 1 5 i i 1 1 5 ^7 Xvilg 20 

1. 

~ 2 o 0 k h z ic-rsr. t^^ltt-rsWjRifi x«2 

[»**4 1 nmmiz.ftitoztiz'mmmz 1-20 

[Wr**5] WBW^Si*qi-5«cihi^un<07i^K#m 

r £ &4#«£ i-5W*rl 5 ic|2«(0^7 Xv4aa$g« 0 
rtfclMfc'flJfci- 5 - £ W*JS 5 Xti 6 |c|B 

0. 1 ^ s e c «Ttt5rtSrWtt?)i*Jl5^ 
0ro*^«EEffit^± £ -f 5 r 4 &KM» £ 1" 5 M** 5 7^ 

[ff*ri 1 1 ] «*JS 1 1 0 WV^-ftt^^le^W 

mti-s^x^&gi^fe, 50 
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2 

[0 0 0 1 ] 
[0 0 0 2] 

ffl¥- 2- 15 17 1 mmW- 3 - 2 4 1 7 3 9 

^ft&SV^Iiil? 1-3 0 6 5 6 9 ^ilU±, Kit 

[0 0 0 3] L/5^L, cw^ftr-iiffi^afeco^^iw 

XVco?St4«) #^*feif-^##lt-C7°9 X-?Mi 

jfet LT, WMT-4 - 3 5 8 0 7 6 W 

Mf-3-2 1 9 0 8 2 1 2 2 5 3 

WiT-6- 1 0 8 2 5 7%r'AW£¥\C&ne>j7 

[ooo4] ±weco * xv^a*-?iT-(-±, 7^^, 

fl'?/077i£i LT S 0- 1 5 4 5 9 8 

S'PpAR-r Sr.iiaot, H e V vf li TC^I'E T 'C it 

[0 00 5] 



3 

^ — ^fir 6><CV^«t £0*"C#5fcO><7> % £ 

fifi;*ix^^7X^<75^S^iS< fr 9 :/7X-Tftia coffee 

T , ^ ^ x-y- jaa^-c * s ■ t <t) (7) s »^ & ><)V7s mm & m 

«) 1 4o -Cftk«^itl*W|*S58* LT L* .5 - ir 

[0 0 0 6] *««tt±Eo^^«^T**Jxfcfcco-c 
*>0, «1W*'<y T3ft«*f(|fflf 5:d:J;oT, Fie 

5r<b^ Wtg t fro T^7X7 ft < + 6 - £ # "C 
[0 0 0 7] 

[ ii * fteaet* s fc * ^ ^« ] *■« w <o i & 
r v ttff 2, 3fBH£TO 

^«9H#WSr 1 0 0 ju s c c^Tti-S- tSr.^j»ti-?> 

[0 0 0 8] *»WtOW#3S2 H^77 XVfclif 
tt, *f^]E«SHfc«1S2, 3<D|HS:;J*«ffllW3 4 "t t 

-*co«ffi2 (xi4WS3) (Dttcmmms 4immmt% 

3 2SrB!:tf\ ^«^W3 4l^?X^tdlffl<fXftW6 

ts £ 2 N 3 riiaot 

^4$t-^7°7XV^lil(^^T, Sffi 2 , 3ffi 
t6t*tr cO^#-11JIj»0OSi^T*^OI^WS: 1 0 0 
[0 0 0 9] *'»WW|||*W3fcff5^9^«f 
i«O#f9IL)Slfft%0, 5-2 0 0 kHzttS: t 
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4 

[0 0 10] *^0^CDf»*JS4^57 P ^XVfe 

1**311 75S3^v^H**"<7>*fifi;fcJpx.T, 
Stl2 s 3WfcHlJpStb5«lf3ftftSr 1-2 0 0 k V/ 

[0 0 1 i] ifc, *8^»*i|5i:ff5^X-7j!i 

2 , 3 mzfvm+z{k±ftm<nt£\f*&&w£fcffi'<n 

10 [0 0 12] *fc, *^^COf»*ll6^if^7°vXV^ 
[0 0 13] 7 1:^5^7 fti 

[0 0 14 ] *fc, *%M<r>W*Jl-8fcWS^9X^te 
20 ^^U^t^^ffiSSOS£^±^«9R#WS:0. l^secft 
[0 0 15] ^?^OfS*«9(Ci^7Xvto 

aS£«tt. W**5 71S8^v>Tix**o#|*K:ap^T, 

[ooi6] *jt, ^mm^mmi o^^y^xv 

[0017] *«wco»^3ai ncffs^^fti* 
ffiit, ff*in^M i o^^-ftt^^ciBife^y^xvfe 

[0018] 

[0019] if s «*{*:^y Tl&nv>mm6toteW&iz 
40 xvi^j P3 5 s A»«55*^tt) o Ml^yrM 

tt, C-^O) 112, 3 Sr*J-ffi]ia«L.T«1i 

2, 3^Wic^S^W3 4*JB/«U Ell 1 (a) |C7j% 

i-J; $teW*<oi»2,- 3co^m^ffl3 4fii]co*ffi^ 
Sf* 3 '2fc»l*tr»B2,. 3<r>tkm&K 

3 4fflco^ffi^|f ofc^9 H 0 11 (b) te^J:5-c- 
*<Ott« 2 mm 3 Tfco Tt J: I v) Otfc«£fHJ:3 4 ffii] 

m^W3 4ffiijco^ffi&Sofct9-r5>r. tfc^ot, «ti 

2 , 3 IB"CIiaS»«»<jBi &> fr ^ ± 5 C Lfc^ilfc L N 



5 

S„ 3 4 £ 1 ^BEfiacO^,#:T'f«/i 

LTSti2, 3Wld55#i^«£E?rAPx.?)«t. HI 1 21::^ 
tJ;?!:, St«^IBJ3 4^JS^T» m#t¥-fT*(*]iC,ffi 

h y— v i i idistcor-feSo * h y--v i i rotf 

[0 0 2 0] CCDiim#i-J;5«#iiv 116 (a) <D 
»M16 ( b ) <D«fi^*$| 4 3 0>«ted*K*s-r 

5 1 mm 4 3 *» 6) mm & tit ^ 5 t is*f6] 1 4 

Jqi-5iScS^W3 4co«#^MST 

Lt^t^yrM^ts, La>u ft co mm 4 

EE-cunt^ v Tmm,&mn-rz> - ttfx-zz twfo 20 
[002 1 ] y rj&«ic£i:Ti*5&f&<7>x h 

P-v l ill, j&«£NJ3 4T*££TV>5R«f*:^y T 

h y — v 1 1 tr^ttTV^WMtS^^xVftj^^ 

[0022] i^mf*^ y T«c«co^fi8ni(s*ig 1 4 ^ 
c a : mm 2 , 3 <Dmwa<Dmmfo 3 2 co#s^» 

R p : y^XV-f 

*«^W3 4^»^sjs*o^' h y -^ 1 1*4, 

CO^-f yfS^ON-OF F'tSwiiaoTR plCf 40 

h y i i <a»±«atf#* h y — r 1 1 

teX-f y^SCOON-OF FOltt0ONfl|W£t;O 

[0 0 2 3] r.co«p«iai»«rfflv^-c* Ifft^lirM 
<o«i.fP*(B¥li:lftWi-5b B l 5 3 K J: sepaq 

WM(/C giRp (0*jslEjft^<^«3*|g*:*i" 0 c 
g ^j5fE*xS«*«*A«^W 3 4 co^«^ v^i/^<»%Wl 



^PI2 0 0 2™ 5 8 9 9 5 
6 

p(cfflE;frS«SIEW\ x h y — ^ l l tcoi,(D(DM^h 

[0024] _hiao j: 5 fcW«#>< y rftta, itm?i$ 
***Mn isXtkm^m 3 4 om##{fiTi~£ tffit-r # 0 

£oT, SH2, 3^^Bl»0«ffi34«**«*ffl)tT<B:T 
i"5«R« (SI 1 5 CO A 1 (Dffim fcSV^tt«i2, 3- 
^^»«ffi*s*yh««rjB-ATl«*+S«l* (I I 5 co a 

2 ■ei«H*A!)r»iH»4*f, 114 3 
id J: (9 TOP $ ti 6 (ZMfite^Ete-*- SiSscoJW Pfl (1 

teSffi 2 % 3 ^<7)|pnJiPftflE^**«SrjB*.TttT"t"S« 
*A10« (^*t*S:t»T««Oi*IIIJis>^) £M<1~ 
£ £ i K J: 9 , «H#^< y r»*3Wi»Jhi- &1*m*{4B < 

[0 0 2 5] HI Jc*»W<0**ro?l5«»w^fiJSr^i- o 

rcO-r^^to^Bfi, *|-[^lSfl«S*tfc«tii2 > 3(7) 

IWSrJ!*«SW3 4 t LTML, «fli2 s 3Pfli^{*ihfl# 
IWcofeVNX#«EE«^«JIt^i-S3tA(OltM4 3 
«:««2, 3tC^--UT»*t.5fc*»cW*0«tt'2, 3 
cofem^ffi 3 4g|cilfls:3 2 S?-Rit\ S <bf-3S*«SfW 

3 4JC^9X^^ffl^^*^j|&i-5fc«>to/X/Ul 2 
^rSffi 2 , 3 o«*H:BlB:i-5 r t icioTM^t 

[0 0 2 6] Sffi2, 3'tt«, r/^^^r>'A v W 

5 1 M4»«jRic»fiii s tu-s to^fco x , mm 

*TOi: bWRt$^2 0 0 OHT^t^^ffll^: 

t^^^~ (auo:,) , mt^^y (f^rtTio 

o) , S i 0 2 , A 1 N, S i 3 N s S i C N DLG 
-f-V^sxKWRSBAiO r ^^!)^^ PZT 

(^^■ifna^si*— h) s -*y**/T (Mgo) m 

[ 0 0 2 7] wCOJ; : 5^Rtt#:3 2SrStl2, 3co*ffi 

Ktttefiuat ufcw«flc 3 2 *wm 2 , 3 co«Et^« l 
iswjfe, awi/y*. wtitxXs .<f-9'~r s 
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ftif£^ffl1-£:: itf-css. £<bfc, (c 

VD) fcL< (PVD) (Cj;i9mffi2 > 3 

[0 0 2 8] ft«#3 2 *r«B»-C?»J«^-5*'frtt % tif* 

9 1. 4 . 1 0 , 1 2»K p 1 9 1 - 1 9 6 ) ^Hffl 
*»3k«ft«f«lt- (SifffllfEl^fe 1 9 9 3. 10 
3. 2 5« v p7 3 1) *i?Jc:|B«*ttT^5^jSfeS: 

fc*:*uH*ttLfc9«ttSHt (fV^t 9 y^) ft <*f Tr 
«LTt«2, 3<0«jBK||liSII^>A8t«r«*L, rco 

It, 4 8 0-100 o'GcomjBE-e i~i5 #i8j#pj&*Q f ji 

[0 0 2 9]it*3 2WttO, l-2mmtt§ 20 

[0 0 3 0] r^iMcit#:3 2&ffii2, 3 <7)3tffi 
lzm~f ?> Z. t iZ «boT\ ±fBO J; 5 ft«f«{*^ y r»* 

*M^«: t#t#S:co^ h y ~v 1 1 

S*2, 3 o^>ft< t5 i t(Ot 

[0 0 3 1] ^^vM^^i.LtliSl L 

*IJ ffl "f 5 tf> "C\ % # X ft if co#3* ft # * -& m V > 6 &9 
^<s ^7^VMlu»5=ix h«rfg;<Wix;^ r k& 40 

Sco*s«F* LV\ ceo J; 5 fc*3SWrf4^p-ft*-eft 
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Dcosiffi^ y — - >-^\ #9*tKco«®* y — ^v^ft 

if*fT9»-&tt, B£H§, S«L CO,, N 2 OftifO®fb 

^^ftifCO^-zf-^^^tf 5H*Ktt:07y**#^ 
5*g>fi, tKKIx T>'^^Tft^<^^S5t:^4^ r ^Srfflv^5 
T10M%«Ts #*L<tt0. l-5f*f*%0®ffl 

[0 0 3 2] £ , '5^fifc*tt5^'7X^«l31»«Sr 

(®^> 4 ^7 7 X v Jait 5 Cfc/c 

5VvttJtojff»toJBE*T (9" 3. 3-106. 7kPa 
(7 0 0-8 0 OTo r r) ) "C&lt^W 3 4 KRttfr 
y r ?g ± £ , r cop®^^ y r J: ^ r 
y XV Jfl ^ x * ^ y X-?{t L T ^ 9 XV fSttfl * $ 

3 4 fe-fttoa'iw 4 «r#A u 4 co^h(c 

[0 0 3 3] ^lfc^W^ft^^#mjEfi^(OmiEir Lt 
60 *fc, Ell 7 (a) (b) (c) ^*i~J;5ftf*lh 

NfWto ft v tffc#ftffitt» comff 4r ffl v x 5 c 1 1 -c # * o 

t^T^«9H#P^^>ft< fcfc-#, »*L<ttW*t 
1 0 0 m s e c J^T(-i"5 0 Scfc±^0«SpWli:fi:tbT*« 

9 i*w<op*i« ioo/isec «±i?fc5 1 H tm^m 
3 4fcfeit5y9xv^£E^ii5<-r5c t^-c#-r, ^ 

9 xV«isotg^M£< ft "0 , ifc N x > y 1 1 # 
«t«ffilWa4K-«K:»*Lte< < ftoT, i^-ft^9 
XVfeaSrtr 5 r i^-C*ft<ft5o l*K -4fei:aso«p 

±*< 5 #W t & h T *i 9 $m SrM < f 5 £ t % t 
C0f*4 On s e c "Cfc t» , £ <i***JtW&T«i: ft S 0 
U^Lft^b, n&mt£&ffim^Z X NOnsecJ: 

9 t«v^fe±*«9i*mi:stfeT^oi*i«^*a^*^ 
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te\ 40nsecJ;*9 fcffiV^WJJCf 4 U\> 

[0 0 3 4] *8fl-eiiBl8 (a) fc*+J:5 

as 2, 3i«fc^r5*jhi*iin<o*v^#ijBEis 

[0 0 3 5] ~OJ; 5{v^y^#t(Oi*i«EE«rS!#«Ejft 

^VP^t^coi«m?rS«2, 3|JB»c:Pnftli-5*>r 5 
^&*fb*ii:5C:fc|£j;?K &m^^13 4rtT'CO^v 

[0 0 3 6] Hi 8 (b) ^/WX 

«Oi«1lHE4:3fl!#«BE**Ol JBWrtKfcRMLTfc 
«t<, rtbfCiO, HI 8 (a) 9 

J 5 , t<4ot, Fif^co^y X^feSI-il L/i^^XV^ 

[0 0 3 7] ^V^^60il5©iSE^i:fe±^t)BfFfl 
ttO. 1 m s e cKT(Ct5MW*l^o '<frayi<D 

mnm<n&ib±& r> mm& o . 1 m s e c ^s^s t , 
*icm^p^3 4 t^>vu^)^(oa£E(cii^LTi(j 

< ri^fgirftt^ «-=F<o**aft*'j:<»Dii+5Ci t 
(7>5i^,h^t9B#Pfl*0. l n s c cJWTlc-r^^t^J; 

Rll'i: 4oT^9 WtitftS r 1 5 
[0 0 3 8] *jfc, ^^^^JKOffi®ffiOSS5fi«^#m 

G\ /Nvu^^cD^ajE<7)as^*^©<^9 v ^/ux$ 

co®EESrS« Lft^»& ir l£i£[W] 1:^9 ^Vtfci & ft 

§o lot, '<^xvt<nmn&<nmmim$#&mj£&M 
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[0 0 3 9] *^H2, 3WJfcfIUPi-5* 

[0 0 4 0] ««2, 3W(CTOp$tlS^lhfl#W 

-2 0 0 kHzls:R36t5^4L^ o rcOjftOigU 
«jR«k*«0. 5kHz*lT4)ix}l WirtW^ 
KM — e i i(OSt»W<ft5fcfe|:, RWti^ U 

20 cotg^j (%*) j»ffiT+*»ft-}i**>t>. % _hfBco« 
DigLJ««**V2 0 0 kHz J; (9 . HtffcR* 

i:*ic#mco>>^ « mm) a** ctftisw 3 4 

[0041] ««#^yr«c*cos8fc*ai2, 3 
Ml-wai*ih,6«»9llttl4, ««2, 3<oiUM (*-ry 

30 #\ 1 - 2 0 0 k V / c mll^tf LV> 0 ~ 

nmnmrnt* mm 2, 3M^Rttn«BE) / (mm 2, 

3 coffl pi) -C'fed $ Wtorfcot, r cd^#> 1 k v 
•rsefttffco, ±fecom#^s^2 0 0 k v/ 

c mj; *)i:# < ft fr< r-^^^S L^>f < ftoTlS 
[0 0 4 2] ^Lt, *MB^^^°^XVfe^^«rfl N 
40 ^7^^1*1, :^7 P 7XV^ftfel| 5 4^g( C 

Lt/'7 XV^SSrtf ft 9 <t>t\ i/u— Scft-SrHS^ 
^9 X«r9BMiZfrit>*& a^h«rift<»*.5i. i ^r # 5 

T?*>So i~ft^^s ^p— ift«1?tt1tEo^^ ^vMc 
50 ft/< y tmtii^ h y — ^ 1 1 Itat«-r5*-c#«ka) 



(7) 
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mm;<^x&±z?> 0 Sot, il^yr^iTiit 

t^n-ftttffl^fcr?^!^ fiam^ Pfl 3 4 Id 
SAJtl^l^TO 2 W/ c rrr 8fiEi*KflT*)ot 
**fl"eiitt5W/c m^Sttlit^S 4{C 

Rflco^>^< 1 fc— 1 0 0 a s e c^T^i~5coT% 

&L#-< 4otft«2||| 3 4(dfcft^7 P 7XV^^ 

[ 0 0 4 3] H2»c(Bi<7)||Kt(0|g1Bfc*-t- 0 rcoy^x 

COTJfco-C, ^ 1 CDf^&fU^l'ffltfl 2 s 3&t«& 

4 (^ifii^g fc- stmtf h ft X ^ 

So ^>v<— i £D-*rcoffiiJBrtAP 7 £ LtM^tt 

is naoT, ap 7(iMwsaE«cji?fi8;$ttT^§ 0 

TffiSi * ft 5 £ £ fc J; 0 A P 7 . M 5 co t? fo 5 o 

1 coftii^rtM^Ap 7 i*nsj-fsa4 
p 8 ^ urjKriiS*tT*5-9 s ^t^- 1 ki^t^ns 
-y is.7-4 x sm<nmuM2 2iaot, up s^pwgft 

-tTJBii*^* fco-e-foo-T, tci o 

*#fc|&«3 0 *tTV^Si*^V-^^ 1 COT 

[0044] i ter ^ » ^mtim<D®f&Mm 

«2, 3 w**- i corts<bcoW^m^Sai^ 
t^ i 9(:t§wt^> SS 2, 3cofflc7)"SScfl;^^ 
tco.Tfc.ti N :/9*^&j»sf&i; < £ 

[0 0 4 5] B3i^fj:Mw Sffi2 N SttJiBtW 

*^&«WW^tKttfc^*^5-t<^^fcoi:, «*2 

£.jfc/CV^ 0 Bflg2, 3CDrt^f^^iii§pIt| 
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m|IJB(-e<OiHftJE^ 1 0 kVH±"efc5it«#iL 

p# — W Kp7;^px- "r^%$l7Fir% r 
StfcMi^fci^^-t^^rj m — ^^5 — 6 Ofi 

[0 0 4 6] ^LT, fIf^y7ftl^(u»3 3(C 
&S££riIi-^ tic J: oTMtl2, 3 £?£ij]-r5 cdt*£> 

{Z* h y — 1 1 *S«t5-ir^-cg:5^-efc5 0 
[0 0 4 7] ±lBcOj:e>^^$tb5ttffi2 s 3tt-tC0 

»«2, 3tt*o«*B*^^w^iortBafcK 

T^So «fll.3tt 6 ofcoT\ AR 7 ifflP 8c0^t^j*- 
Wfcjfe^J: o KWm 2 coTM^gflg £ ftxte v) % #mffi 
3tt*er>*^[*j^l»7KV : ic:**<t 9(-EB$ttT^ 
So ^LT, 1 flfiOtS 2 l:*f It 2 0(Z)ig 3 j5?1T 
fcM&lirZ «t 5 (cmtl 2 , 3 .^t^-PH*'*Bfffefe|WPi : S: 
^LTjfc-<fetbT*5!9, »^i"S«ffi2 v 3CO^CO^P^ 

(*tf^]X^— ^) *<*fe«fflW3 4 £ ItM^lltVN 
So ^fc B4}c^tJ: 9^m« 2, 3««jS4 3»C« 
40 mWlC^M $ ttT V> S t 3 fi^flfi $ V n s o 

[0 0 4 8] n-^SttSK!;^ h^^yu^p^i^-u^ 
(jCf)fl(« : ^^p>-) ^£ 1 coWS^ico^v^^ffiflg^ffl 



•5, 5 



i-2*com«3^^ft^Hi-SJ: AP7tttiP 

-9-5 tt^cofi^^ spfc 5 j: 5 { - gag $ ^ 
Ti^S 0 ^^(c:, P f -^-5co±^f!SS3co±^J: »9 
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M34) uft<Dmm^mw&ivx\,^ 0 *fc, #p-9 

- 5 (D-jj (DiffiUfc?- -r W<~- 1 coftiJ!!£gt« Ltf t 
W*— 1 (7)^ftlJtC^(U$*XT*5 t) , p -9 -5 coffin 

i/^o HI 5 iZTfi-t <t 5 HiM^i^t- h 3 6 139^ > 
/<— l co^ffl|{ciaK$^5^-^— ^^KiRi 0(Dm 

lEtt"3 7f£#Jfe$*VCJt^5 P -<0<fc >fcP — 9— 5<7)IB 

W-<— 1 Sr/J^k-t-sr tj6?-e&5. tit, KM 
111 0Srtfmb£i±T[S(Ett3 7 &0IES*5C £fc <to 10 
T, IKKfcai^/W h 3 6 ^itfir U r OfEfMS jg-<^ b 
3 6 0JltTK:J:oTP-5--5^HWKi(i*tL5J; 5lc 

[0 0 4 9] r^iM-MSW^X^iit^ 
(c v 3 o ta'i;tftw<- 1 F^iietp 

[0 0 5 0] ±KO<t 5 1X^1^13 4|cy7XV 

$r£fiJcLfc&, ii*lO«rfp»S*5:i:iaOP- 30 
9-5ftl»ff|ill9'^ia«5W[»S*S4:#jc:, 0 6 (a) 
t^tJ:9(^ AP12 1 Sr±ttR[|(jS.*'r^i'W<— 
l £>AR 7 frfflSfeU AP7j5^f^y/^irti:tto 
a*&4«r3»A"+-5o ^ X><— lrtlci»AS*bfciR*!ia 
#>4f±p — 9— 5<o±^«Hi:fe*t, p-9-50EteiI 

lrt^iR*5t, 13 6 (b) £^£3 
AP12 l*TSf)SEW^^T^-V^<--l <OAP 7 

(c) (Ctj^J; 9 (d, ^--yw<— 1 rt^a>A$^fefe*Oj 40 

4*«mo 8|cifi-5< fc, 06 (d) 'K*i-J;5fc, ffi P 

U 06 (e) teiTF-fJ; 5 (C, L©fflP8A> 
b ^9 XvM $ tifcKMS^i 4 £r p - 9 ~ 5 cDEfcfg 

»^ct0 3»ffli-5o ^^J; 9icbx«i^fecofe^M^4 

[0 0 5 1 ]St ^J:9^I^WIfflt5^^ 50 
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**"C#So ±1B<7) «fc 5»CLTtt«aeWI-3 4C7 P 7XV^ 
£/&L-fc&, KldWl 0Srf^»*-a:5r irtCck 9 p — 9 

-5 ^rfl^ttiH] {9 \zwimmm£itz>tm^ 06 ( a ) c 

*i~J:5{c N API2 1 Sr±S!jlII»j$ii:"Cf-'V>/<— 1 
^>AP7*H!ttU AP7^C)ftw^i^[:tfel 
^4£*A-f6 0 ^ir 1 rttd«A#*tfc»*ft*fe 
4f^p — 9 — 5 <7)±£::gHtrklx v p — 9— 5(500^1214 
^±9tt«ffiW3 4rt^l»^*W^»a|*lx5o 

ttMJiM 4 ^tt«ain 3 4rtw»^A»fcKRissn* 

tv IBiftJR 1 0 Srfft lb***:: JrfciJ: <9 p-9- 5tf>l3 
telE»£#JfcU Sfea^4^ffi^^4i»fi-§ 0 jfc^ 
06 (b) lc*1-J:9te, API2 l SrTKiIgli^^T 
9^^- 1 coAP 7 SMSLT^* i ift&^m 

i"5 0 0 6 (c) -C^i-J: FJfSoRfrfl/citt 

Mat) 4 srtt«ffliw 3 4 foKW± *-ft-T»4aa* 4 

7XVfei«f 0 [116 (d) J: 5 m 

PI2 2*±ft^»£^T9^ W*— 1 (Dfflp 8 SrPSfe 
-f£ 0 ftlv, fill ■ 0*tfs»S"ti:S r tic J: 9 p-9 

4-©«iS4r-WIW 0 6 (e) |£-^i*-J: 5"|r, 

i^5 c wWJ:5fcLTtttoaflfc4S:^9^toaaSlllc: 

^9 x-r-toasrifrt" - 1 s b 

[0 0 5 2] r^*Ml.<0«Jl!fi*C|4, »fel^4«r«^t" 

UL^v^j; 'hMitlrZz ktfx% 

5t>C0T?*>5 o AP7i(DP8^^«^ 
TJMfc#0>a — 9 — 5 4r^^ ^^— 1 wUMKIoT 
^^<T|9:tt50T% tt»*<75P — 9- 5T?Mtoa^)4 

afl* 4 ^tFftttt^ ib/^^ J: 5 - k tfX% , iftfeS 

ft 4 cd as » t^tttea* 4 <& ^ 9 mm % & tet ^ t? 5 

tBf+6 *K#fW 2 ^TM^IKKfl^ttW 3 
fair% J: 5»cafe^TK«L, p-9^ 5 SrP«9^ 5 fltfli 
3(7)|«HcK«t"5c: tlCcto-Tv p-9-55r^-v>-^ 

34) Mfto>nm\cmmrr&zkw<?i* p-9-5^ 

StI2 <k mtl 3 (73mic:^ft S-tir-ft-^ J; 9 ^ LXUffi 2 , 

ts- 1 a tore* 0 , 1) 

t-SC ^9 v ^fccO^ h li — v 1 1 ^ftm^ffi 3 4 <D±m 
Clotli -* I SS * $ * & £ i # & ■ t> -t? $> 

^>o L^fc> m«2 v 3<Drflcoggffii:tt[^^^if:^^^- 
^as# fr^^^^.i ^os^fttea*4(o9|[ , ia^^*fc 
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[0 0 5 3] H7^ffiC0^^ffl^^i- o Z(D^yX 

<D-#<A<RiJSttfflAR 6 £ UT^StbT*5 5\ 9^>- 

1 KRtt&;ft,2r>* h/l-5!i^l±IAPp2 0(ao 
T, WAP 6«|JiaBgiEK^*Jt-CV^5o -f&fr^ 
WAPl 2 OttS*0E«fT_b"FKH!l*ix5 fc^T'fco 

m^t±mtmm^ Lxmmn 1 o e>*iTi^6 0 

[0 0 5 4] w(^J;-9K*J*S*t5^9^teai»fll* 
SfeH^IW 3 4 ^*t*^ !) r«It»4S*r^? ^ 

p— 5—5&i$ftmQte®i&Bm£itz>hmc, ms 

(a) (OTt J: 9 ^WAPI2 O^llSi^xf-t 
1 rtl£1fctoaW4 ^riAt^o ^-t>v^ 1 rtfdJSAS 

»«f«*4*^rW<— 1 rtl£iR*5i:, H8 (b) K 

1 (^HiAP 6 ^PSl LTf t ^ 1 rt«t-5 a -t 
IT, ID 8 (c) ^^i-«t ^^><-lrtl-»A 
Stufctft*Qfa^4ttP— "7 — 5-CtBAR 6 tK^MBlJfcffej 

9-5 %mmfm o tiisgiists: t iaorw 
a*4*aAR.6fi«c:i^^o-t'-*8as'^5o -<^# 

a»-4^ffiAP-6WJ^^o-T#iSLTV^5l$) , 

fcLT*>S*\, reo#, «'«Hi*4-*<ffiAR6^ifi<5< 
is, 0 8 (d) te*r*- fflAPl2 0§r±«3jg» 
§*T^-^^<- l cottJAP 6 5rW*ScU ^XvMI 

$ ttfciK^a^ 4 & p - 9 - 5 ^mteigftj j; <9 maar 

5o -hfBco £ 5 LTMm^rfl 3 4 C-/5^S: 
^+«t5l£, (HARP 2 -otilMBftd^rf-r^- 
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lOfUAP 6 SrBHteU HJAP6^6f-t^<-lW; 
fe4Q;a^4Sr*Ai"5o fl'^.-irttilA^fcS. 
»4(1p~ 9— 5c/)±{c®;itibtt, p — 9— 5CJ0HJ 

sfc, tta«4^tt«ffinii3 4rtott^*»ic*iKS4n 

0 8 (b) (r^fd; 9 (c x fflAp]f|2 0£T»JK» 
S*T^-t 1 cotBAP 6 *mm LTft >v<— 1 

10 fott^m-tZo fcK, 0 8 (c) TTfi-f cfcpfC, 

R*Wfc*Jtfea^4«r»«SPfl3 4rtfcfltJk-**T : K«ia 

^4fc^7^v4aa*ste+o *fc, ms (d) ktjh-j; 

«toTttte««!i4<DlftS«:WHl ^^-1 cottiA 
P6^fe^9X^toas*b/t««.a*4Sr*Hli-5o - 
CO J; 5 fc btSM»4 4r^°7 X^to5S^W-f*l& IT 

:.ilUot, *fttfe^*&a«4^-il|)tW-fc , ^9 
20 xv ^a & rt^t ^> 0 

[0 0 5 6 ] w^*lfeC0^t8tt±|B(O*tS(7)^lBtra«| 

^>ffi^a* 4(7)iA^t^fy^*- 1 ^^coK^a*4 

» ftj & ffl A P 6 ■ M jf^'jB }d L , y y to a 

5rH^§^tfe$ 0 *fc v i 
^iB{u v i ^<^tt*o;a#i4co^[AXu Si f-'t 

30 i *^ <b <7)»tea^ 4 <^-#ttl*-tT 5&ftwfflAP 6 

*ia»t, tft«ai«4>«ai-sfc»<op-9— stEte 

5 coiEfe'lc: J; t) tti A P6^^t 1 rtttfetoa^ 

4 ^^A-t*5 <b#foP — 9— 5coSteic:<fc ^ttiAP 6 

^ty^- 1 ■ ^iftteaiife 4 &mttii-% z t tcto 

t> ffiAP 6 ^ISttfe^c^^^v^^^ y/i- ! 

m^o4comAR^^ i ^bot$toafe4coa^ta 

Mt5 r ktfX%, y°y X^ftimcom^'Y l cd 
« 0 t jfi&S/i ^ ^ Sr / j> S < L T « ^^-^ftS-ia^ 

[0 0 5 7] i9 ^fftc7r^teC0^m$r7r:i- o ~ ov°9 X 

(c^-y l cofib^coftiiM 5 i fritB&*¥i-ft^^ y 
y httcOttlP 8^AP 7 «fc 5fc"?Bfifc*-ixrv^ 

2, 3 N P-9-5^1Stt h^X^^tmc^^>^- 

i co^.sBttt±iB t Lxmmm 1 o ^^.t 
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WA«J«fP^9 aftAP 75ri9 «t 5K:LT7fM 
tOTfcot, ^-t 1 (D-^Ofti]ig5 0 

SfjT&l-f 5WAflO«fP*9 a coffiit 5 2 Mi*, W§/k^F(Cft 

I** y s/ htt*>«ft«WAn 4 o^ap 7 tsstws-arx. 

<n{&j?<D9M5 i ^*MKtcttttfp«9 t Lt*HJ«»fq 

P 8Srffl9 .tilaTMStiStwtfeoT, 

1 cofUl^^IijS 5 1 irxtfp]1-^^ttiftfj«|p^ 9bO 

4 1^fflPSt#|ftS.ttW^tl>5 B WA 
ffi$I?P^9 brtCttft^- 1 f*I<DP-9-5 

[ 0 0 5 8 ] ^^i^^fifc^.tvS^^X^toaftllSr 

(«*) T«Ett^»^«4*^5X^AW-f6Ktefc 

J*«3S!W 3 4 T?««*M y 7»It»4*«T/?X-7 
S?*riS^-6. fcfc, Illll 0£f£»£-££,r fcfcj;*) 

(a) tdTjVTJ; -9 «fPS)|An4 0Kt/AR-7^f) 

»z * a strife tt^a* 4itP"^-5cD±(c^i±-p, 
tt^o tit, hi i o (b) M/ih-j:?^ 

1 ft (£2* A *4xfe»«!!a*. 4 p.— 5 - 5 T»MHiS £ 

5o d£>«* 010 (c) UJP8&V« 

?p^tbP4 i *>&^9x^«ia4ttyi:«toa*4S:p 
^mm 4 &:X9 x^«ass«te0«& LtK:tiao 

[0 0 5 9] Sfc, 8fcoJ:5**Qfa*rjSt>»ffli"5-i: 

— 5*«PthiaOKia(BIR»S-a:5fc*K, 010 (a) 
frC7^-r<t 5^, IlRi?|AP 4 0MAP7W^y 
lrtJdtftftlia*4*3»Ai-*o ^^-l.rtK* 
A £ iftfeiS&a^ 4 fi p 9 — 5 <D±(c«»t- hfo s p - 
9- 5 coHtel|g»^ <fc 0 *&®^Pfl 3 4 rt<oifc**.»|c:jft 
i^^ti6 0 !61«l , 4^3ftiaB3 4rtW*jlt 

0io (b) ggt»i 
oSrflUhS-tirar: it± 0 p-9- 5 tf>0fcieib£f9it 

i> % ««a*4o*j£**iw'u Bff*^>i*no*!»+toa» 
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p - 9 - 5 fe!$ffl-|H] 9 K IgMBRH) S*5rtiaot8 
&a*4<o*i£*WI»U HI l 0 (c) lc«+J:5K, 
ffiP 8&V«fp*Wtt|q 4 irt»fey9X^»aSfrfc« 
fea%)4*^mt-5o w(Oj;5t-L-C«c«Late4Sr^9 

mmw) 4 k ii^w k x 9 «ia :t^T^ 0 

[oo 6 0] roHJS<75jglB-ctt, AP 7WfflP 8£ 

io p 8 *MMi-5fe»^BP^W*MBBi(i^**5««is^ 

*fe, Aq7XWttlP8SrH5J;-5^llft*9S:tSI:W5 
<£>T\ An 7 jStt^ttl P 8 SriS CX^^r l ^fyffitfc) 
t5/7 X-r ffl #^(?)M/M<t6:t^t^5 
iftidAP 7&.ttttJP 8 Sr»£-C*-r >v<- 1 -SffiAi" 

l£J;*X9X^£j*ffi#;fcO«^ 
f^fflfC^oT, AP 7St>lP 8^^PfW*LT^T 
£>> ^r- 1 rt<7>^9-XV^jgJtffl*^oj|ftS:|»— 
20 £fc#o limtTO^^ «r$tLt±*t 

£ £ t 6 t 1 ^b07°7XV« 

ffl ^Iteffiffl «r*/N»teih» 6 r. t T ^9 

^j^^i; < Wffl-rs r t ^ t> cot 

[0 0 6 1 ] JzfBO^-f^^JScO^fti^fe^T 

[0 0 6 2] 

30 5 0 

[0063] mmn d mi x^mmmm 
m ^ x m^rnyo 4(D7°7 x-^-toa * tt o rc 0 

[0 0 6 4] ti2, 3f^fy^S (SU.S3 0 
4) |£OWt«L, ^c^mffi2, 3^WPi5mmT 

fc, mti 2 , 3 co&s^r^ 3 4 m<o&mz\*mz* 1 mm 

40 0 co^co) SErfflv^fco 

[0 0 6 5] ^LT, / XVkl 2^^X9XV^ffl^f 
LTtt^ra 3 4 f£J»A+5 t *lcff4 3 
K J; «9 M^W^^V^$flffiRf ^tE*l)i 2 , 3 

J; *9 7°7 X-v- ^ffl ^ x^7°7 XV f b L T X 9 XV fSf4 

2SM3 4fC58iSfeS.*, rcoft, ftl^ll3 4(Ct» 
4^#AU tfcMfS^ 4^SB^7 XV Sr^-f 5 C: 
50 iCiot, X9XV^a OtttMfe<&l&*) *-fT'ofc 0 
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[006 6] mm 2, 3m^mt\$ti%fo±mm<nfo^ 

[0 0 6 7] (Mfc«2 : ~~4) 3W1fcPn*P**X 
5<^'ih : »#IW^^^$#«iEft^^ltJEi: ITS 1 

[0 0 6 8] ttWIl) /7XV«ffl^tUH 
[0 0 6 9] (tt«0»2 ) "iftHiWEI 2 0 te^+flcikR*|W 

*>*> 5«BE«rffl -v^fcEt^wmiiiw' 1 1 ^iiat^ x 

[0 0 7 0] (JtttffJS) 5tfe±^ Q-R#He^ 2 5 0 M 
e c N 3fc*>T*S t) Wj65 2 5 0/ise c-^it^|H]0^ 

[007 1 ] ±8bh»s^i i - 4 mnmm i - 3 cov 

Ts *k«g?IW 3 4{£&tt£X9XVfeftc^-tt, X^ 
[0 0 7 2] M^W3 4lEfc»t6^9^*£EO*&-- 

[0073 ] x^ xvfemco^j-ttf^, 4 o/K 

[0 0 7 4] XvXVfeacOt^^Jfl, mf&m%04(DyKCO 

[0 0 7 5] f^-To 
[0 0 7 6] 



Hi) S12 0 0 2- 5 8 9 9 5 
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[0077] tl^^y^J;^:, ttttgifctSrJflt^ 

o/-c^WJl-4Ti^, 1 0#^T^^^(dffi^PflcOX 
[0 0 7 8] rtl^WLT, Hc^ffl^fcf^co^p^ 

tttKJ; ^ x^ xvfea^tfoXc^^^ij i -c»i±, 

^U TMW 5 X^ XV ^aSrtTo fcll^J 1—4 co 
« EE <t> ^ 5r ffl v ^ it it & m 2 iz je v * x h ft r# m <r> x 9 x v 
l 0 0 v s e c 

^X9xv«ia(^j^-tt^fa< , 7 o 7xvfei(:gt§ 

50 ^pfWt>*«i-ft< ^ofc 0 
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[0 0 7 9] 

^OjS5#WE«JI8K)fiCfe±^!9'B#IIBS: 1 0 0 m s e c EA 

**-?ft, *fc, Sfcm^ffi^ (^SAtA5:*# <1" 
L^fc, fi:feJi^«9B#WSr l o o a s e cHT^t^: 

[oo8o] *.fc*»ww»*qi2-.*»iitt;- atmeiE 
x-r«ta§s.(ik*5v>r, wpiwicaij!ipi-»itiEott»* 

mB<DiLibTfc «9 1 0 0 m e c^fttS^ 

ipT?J**9B*IW* 1 0 0 ^ s c c JL^Tt-rSr tldcfco 

[ 0 0 8 1 ] *fc*»W<Z)HI*3l3a>»lflB:, 
»^O|ftt)SLjaft*4r0. 5-2 0 0 kHz|:t5<7) 

[ 0 0 8 2] *3t*«.W<Z>tt*«4 0»Wtt, mffiWt- 
Pf]i?P*tl6«#3^J*^ 1-2 0 0 k V/cmttS^) 

t\ ^SrWjti-sr. ta*t*ft "st*^i»mi*:^y t 
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[0 0 8 3 ] *fc, *58W^BI*JI5^35W»4, *«IW 

[0 0 8 4] *fc v **W<Olll-*qi6<OJ5Wtt, 
5 Iff 36 HQ @i® L fc % M1~ 5 <£> T\ *S:«S .- W "C ff> 

[0 0 8 5 ] *fe s *»W'C0tt*« 7 OjS^tt, 

u-^-t < feo -r , mm^y x^t&m\zm 1^7 

[0 0 8 6] ^fc, *55WK>»5ft-* 8-055^14, /n°/wx 
30 JK<DiB||EE(O3ife±^0«FWSr0. UsecElTit 

^"Cfts M^irt^7Xv«ffl^ej)$J:<t 
fit, Bfit5ri^t§ti<iffiao7 p 7^4^fli 

[ 0 0 8 7 ] **ffl^'W*3«9 0»Wl4, ■ 

ts^t Martr/7X>Mffl^7^a$j; < 

-aai"* r t ^Tft *k<7>^9 xv^m^ 

40 4 9 N 7°7 X-e««^»*4:ilSfca r t 5 

[0 0 8 8 ] *ISP^COft*Ill OCD^B^f^, llffi 

^SrS(j*J:<«^ §fit5^i^T*ti«fi}S(7)/7 
50 r -Cft 5 t> 5 0 
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[oo8 9] £fc*fg^<oft*if i i co^ma, imm 

X^ X-rfttaSrfT K^^-C#5 fe coffc 5 0 

1 2 1 mk.(Dm<^%m(Dwm<D-m^^mmmx^ 
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[13] WJ=!©.1iJg*7pri»f«B|-c**.« 0 

[@4] mk&m&mxh&o 

[05] lDi:<o«iisig-c*>*o 

[06] ro±*>»fp«r*U (a) (e) 

[E7] m±Lcom<Dmm<D^m(D-m^^i-mmmxh 

[08] |Bj±0)»tf5&* U (a) J^m (d) te«6H&[3 
[0 9] W±<oAo*16^ttw-r«Sr*L, (a) fi 

«i»iax (b) m®mmx&>% 0 
naio] m.k(nmi^&^L, (a) t^ie ( c ) 



* [Hi 1] Rt^< y TftttM S*5Wi:RI# 

mm^^i^s (a) (b) tt»rBBiai»*>5o 

[Ell 2] ««ftv<yr*«jO««*Lfc«ttSr^t-I!WBp 

[m i 3 ] y r4k«*<»* Lfc^ftjc&^-c, 

So 

10 [g] 1 5 ] y Tj&fc«^5S£ Ufc^l»ld*3^T, 

[El 6] (a) (b) tt«Wo«tt*«K(Bi-53Rl»t 
^»rE|g]T*fc$ 0 
[Ell 7] (a) (b) (c) tt*»W-e«[ffl + SS5# 

[J9 18] ( a ) ( b) tt*»W-Cttffl+5JE#lBEjft 

[mi 9] *»WTttffli-6«#*EEje»*-«»aio« 

[020] tbKW 2 ^ffl LfcttEco&JKSr^-f-Sft^Ei 

xh% 0 

2 ftffi 

3 111111 

3 2 Kim* 
30 34 mm^m 
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(16) ¥fffl2 002-58995 

[HI 5] [017] 




(17) 



mm 2 0 0 2 - 5 8 9 9 5 



(i2)mm mm mm 

^sm^ojm^uj 6tii #45-^ 



F^-A(##) 4G075 AA22 AA24 BC01 BC06 BC10 
BD14 BD24 CA14 CA47 DA02 
EB01 EB4I EC21 ED04 ED06 
PB01 

5F004 AA01 AA14 AA16 BA20 BB11 
BB24 DAOO DA01 DA23 DA24 
DA26 DB01 DB13 DB23 

5F045 AA08 BBOl DP23 DQ15 



Searching PAJ 



1/1 y<— v 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2002-058995 
(43)Date of publication of application : 26.02.2002 



(51)Int.CI. 



B01J 19/08 
H01L 21/205 
H01L 21/3065 
H05H 1/24 



(21 Application number : 2000-250285 



(22)Date of filing : 



21.08.2000 



(71 Applicant : MATSUSHITA ELECTRIC WORKS 
LTD 

HAIDEN KENKYUSHO:KK 

(72)Inventor : TAGUCHI NORIYUKI 
SAWADA KOJI 
MATSUNAGA KOICHI 
YUKIMURA KEN 



(54) PLASMA TREATING DEVICE AND PLASMA TREATING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a plasma 
treating device capable of reducing a cost, enhanc ing 
plasma density and the ability. 

SOLUTION: The space between electrodes 2 and 3 
arranged to face each other is formed as a discharge 
space 34. The discharge space 34 side of at least one 
electrode 2 (or electrode 3) of the electrodes 2 and 3 
arranged to face each other is provided with a dielectric 
substance 32. This plasma treating device generates a 
dielectric substance barrier discharge in the discharge 
space 34 at the pressure near to atmospheric pressure 
by supplying plasma-forming gas to the discharge space 
34 and impressing voltage between the electrodes 2 and 
3. The waveform of the voltage to be impressed between 
the electrodes 2 and 3 is specified to an alternating 
voltage waveform having no quiescent time and the 
rising time of the alternating voltage waveform is 
confined to <100 jusec. 
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CLAIMS 



[Ciaim(s)] 

[Claim 1]Form between electrodes by which the placed opposite was carried out as 
discharge space, and a dielectric is provided in the discharge space side of at least 
one electrode among electrodes by which the placed opposite was carried out, In a 
plasma treatment apparatus made to generate dielectric barrier discharge in discharge 
space under a pressure near the atmospheric pressure by supplying gas for plasma 
production to discharge space, and impressing voltage to inter-electrode, A plasma 
treatment apparatus making into an alternation voltage waveform without a quiescent 
period a waveform of voltage impressed to inter-electrode, and making build up time 
of this alternation voltage waveform less than lOOmicrosec. 

[Claim 2] Form between electrodes by which the placed opposite was carried out as 
discharge space, and a dielectric is provided in the discharge space side of at least 
one electrode among electrodes by which the placed opposite was carried out, In a 
plasma treatment apparatus made to generate dielectric barrier discharge in discharge 
space under a pressure near the atmospheric pressure by supplying gas for plasma 
production to discharge space, and impressing voltage to inter-electrode, A plasma 
treatment apparatus making into an alternation voltage waveform without a quiescent 
period a waveform of voltage impressed to inter-electrode, and making falling time of 
this alternation voltage waveform less than lOOmicrosec. 

[Claim 3]The plasma treatment apparatus according to claim 1 or 2 repeat frequency 
of an alternation voltage waveform being 0.5-200 kHz. 

[Claim 4] The plasma treatment apparatus according to any one of claims 1 to 3 
making into 1 - 200 kV/cm field intensity impressed to inter-electrode. 
[Claim 5]The plasma treatment apparatus according to any one of claims 1 to 4 
superimposing pulse form high tension on voltage of an alternation voltage waveform 
without a quiescent period impressed to inter-electrode. 

[Claim 6]The plasma treatment apparatus according to claim 5 superimposing after 
carrying out specified time elapse of the pulse form high tension immediately after the 
voltage-poles nature of an alternation voltage waveform changes. 
[Claim 7]The plasma treatment apparatus according to claim 5 or 6 superimposing two 
or more pulse form high tensions in 1 cycle of an alternation voltage waveform. 
[Claim 8]The plasma treatment apparatus according to any one of claims 5 to 7 
making build up time of pulse form high tension less than O.lmicrosec. 
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[Claim 9]The plasma treatment apparatus according to any one of claims 5 to 8 
making peak value of pulse form high tension more than a maximum voltage value of 
an alternation voltage waveform. 

[Claim 10]The plasma treatment apparatus according to any one of claims 1 to 9 
which piles up an alternation voltage waveform of two or more sorts of frequency, 
forms an alternation voltage waveform without a quiescent period impressed to 
inter-electrode, and is characterized by things. 

[Claim 1 1]A plasma processing method performing plasma treatment using the plasma 
treatment apparatus according to any one of claims 1 to 10. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]Cleaning of foreign matters, such as an organic matter in which 
this invention exists on the surface of a processed material, It is related with the 
plasma treatment apparatus for generating the plasma used for plasma treatment, 
such as exfoliation of resist, an improvement of the adhesion of an organic film, 
reduction of a metallic oxide, film production, and surface treatment, and the plasma 
processing method using this. 

It is applied to surface cleaning etc. of the electronic parts in which precise junction is 
demanded especially. 

[0002] 

[Description of the Prior Art] By conventionally impressing voltage to inter-electrode 
[ by which the placed opposite was carried out ], glow discharge is stably generated 
under atmospheric pressure, and the surface treatment is performed to substrates, 
such as a patchboard, using the plasma acquired by this glow discharge. For example, 
to JP,2-15171 ,A, JP,3-241739,A, or JP,1~306569,A, Provide the electrode of a couple 
in the discharge space in a reaction vessel, and a dielectric is arranged on the surface 
by the side of the discharge space of at least one electrode, Discharge space is filled 
with the gas for plasma production which uses rare gas, such as helium (helium) and 
Ar (argon), as the main ingredients, alternation voltage is impressed between 
electrodes, the plasma of the gas for plasma production is generated, and the method 
of processing the processed material placed into the reaction vessel with this plasma 
is indicated. 
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[0003] However, by this method, there was a problem that it was difficult only for the 
specific region of a processed material to perform plasma treatment, and it started it 
for a long time as for processing time. Then, it is proposed by spraying the plasma jet 
(especially active species of plasma) generated by glow discharge under atmospheric 
pressure on a processed material, and carrying out plasma treatment, and as such a 
plasma processing method, For example, various kinds of methods are indicated by 
JP,4-358076A JP.3-21 9082,A, JP.4-21 2253,A, JP.6-108257A etc. 
[0004]He is trying to introduce into discharge space the gas for plasma production 
which contains helium so much in the above plasma processing methods as one 
method for being stabilized and generating glow discharge under atmospheric pressure. 
It is made to make supplied power to discharge space small as other methods for 
being stabilized and generating glow discharge under atmospheric pressure. As other 
methods for being stabilized and generating glow discharge under atmospheric 
pressure, to JP,10~154598,A. By impressing pulse form voltage to inter-electrode 
using special pulse power, the method of being stabilized, generating glow discharge 
under atmospheric pressure, without using helium, and performing plasma treatment is 
indicated. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the method of introducing into 
discharge space the gas for plasma production which contains helium so much as 
mentioned above, there was a problem that expensive helium was indispensable and 
the cost (running cost) concerning plasma treatment became high. In the method of 
making supplied power to discharge space small, although generating of an arc is 
suppressed and the damage to the processed material could be prevented from 
happening, the density of the plasma generated became low and there was a problem 
that the capability of plasma treatment was low. In the method indicated to 
JP,10-154598,A. Although plasma treatment is possible without using helium, since 
pulse form voltage is impressed to inter-electrode using special pulse power, The glow 
discharge generated in discharge space turns into pulse form discharge (pulse 
discharge), the quiescent period of discharge will occur, and thereby, the time average 
value of plasma density turned into a low value, and had the problem that the 
capability of plasma treatment was low, 

[0006] By making this invention in view of the above-mentioned point, and using 
dielectric barrier discharge, The cost which becomes unnecessary [ helium ] and 
starts plasma treatment can be held down low, It becomes possible to enlarge 
supplied power to discharge space, plasma density can be made high, and it aims at 
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providing the plasma treatment apparatus and plasma processing method which can 

make capability of plasma treatment high. 

[0007] 

[Means for Solving the ProblemjA plasma treatment apparatus concerning claim 1 of 
this invention, Form between the electrodes 2 and 3 by which the placed opposite was 
carried out as the discharge space 34, and the dielectric 32 is formed in the discharge 
space 34 side of at least one electrode 2 (or electrode 3) among the electrodes 2 and 
3 by which the placed opposite was carried out, In a plasma treatment apparatus made 
to generate dielectric barrier discharge in the discharge space 34 under a pressure 
near the atmospheric pressure by supplying gas for plasma production to the 
discharge space 34, and impressing voltage between the electrodes 2 and 3, A 
waveform of voltage impressed between the electrodes 2 and 3 is made into an 
alternation voltage waveform without a quiescent period, and build up time of this 
alternation voltage waveform is made less than lOOmicrosec. 

[0008]A plasma treatment apparatus concerning claim 2 of this invention, Form 
between the electrodes 2 and 3 by which the placed opposite was carried out as the 
discharge space 34, and the dielectric 32 is formed in the discharge space 34 side of 
at least one electrode 2 (or electrode 3) among the electrodes 2 and 3 by which the 
placed opposite was carried out, In a plasma treatment apparatus made to generate 
dielectric barrier discharge in the discharge space 34 under a pressure near the 
atmospheric pressure by supplying gas for plasma production to the discharge space 
34, and impressing voltage between the electrodes 2 and 3, A waveform of voltage 
impressed between the electrodes 2 and 3 is made into an alternation voltage 
waveform without a quiescent period, and falling time of this alternation voltage 
waveform is made less than lOOmicrosec; 

[0009]In addition to claim 1 or composition of 2, a plasma treatment apparatus 
concerning claim 3 of this invention sets repeat frequency of an alternation voltage 
waveform to 0.5-200 kHz. 

[0010]In addition to one composition of claims 1 thru/or 3, a plasma treatment 
apparatus concerning claim 4 of this invention makes field intensity impressed 
between the electrodes 2 and 3 1 - 200 kV/cm. 

[0011]In addition to one composition of claims 1 thru/or 4, a plasma treatment 
apparatus concerning claim 5 of this invention superimposes pulse form high tension 
on voltage of an alternation voltage waveform without a quiescent period impressed 
between the electrodes 2 and 3. 

[001 2]A plasma treatment apparatus concerning claim 6 of this invention is 
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superimposed, after in addition to composition of claim 5 carrying out specified time 
elapse of the pulse form high tension immediately after the voltage-poles nature of an 
alternation voltage waveform changes. 

[0013]In addition to claim 5 or composition of 6, a plasma treatment apparatus 
concerning claim 7 of this invention superimposes two or more pulse form high 
tensions in 1 cycle of an alternation voltage waveform. 

[0014]In addition to one composition of claims 5 thru/or 7, a plasma treatment 
apparatus concerning claim 8 of this invention makes build up time of pulse form high 
tension less than 0.1 microsec. 

[0015]In addition to one composition of claims 5 thru/or 8, a plasma treatment 
apparatus concerning claim 9 of this invention makes peak value of pulse form high 
tension more than a maximum voltage value of an alternation voltage waveform. 
[0Q16]ln addition to one composition of claims 1 thru/or 9, a plasma treatment 
apparatus concerning claim 10 of this invention piles up an alternation voltage 
waveform of two or more sorts of frequency, and forms an alternation voltage 
waveform without a quiescent period impressed between the electrodes 2 and 3. 
[001 7]A plasma processing method concerning claim 11 of this invention performs 
plasma treatment using the plasma treatment apparatus according to any one of 
claims 1 to 10. 
[0018] 

[Embodiment of the Invention] Hereafter, an embodiment of the invention is described. 
[0019] First, the fundamental characteristic of dielectric barrier discharge is explained 
below (reference: ****** "high-tension plasma engineering" P35 and Maruzen Co., 
Ltd.). Dielectric barrier discharge carries out the placed opposite of the electrodes 
(couple) 2 and 3 which make a pair, and forms the discharge space 34 among the 
electrodes 2 and 3, As shown in drawing 1 1 (a), form the dielectric (solid dielectric) 32 
in the surface by the side of the discharge space 34 of both electrodes 2 and 3, and 
cover the surface by the side of the discharge space 34 of the electrodes 2 and 3, or, 
By forming the dielectric (solid dielectric) 32 in the surface by the side of the 
discharge space 34 of the electrode 2 (it may be the electrode 3), and covering the 
surface by the side of the discharge space 34 of the electrode 2, as while shows 
drawing 1 1 (b), It is a discharge phenomenon produced in the discharge space 34 by 
changing into the state where discharge was kept from taking place directly between 
the electrodes 2 and 3, and impressing alternation voltage between the electrodes 2 
and 3 according to the power supply 43 in this state. Thus, if the discharge space 34 is 
filled with an about 1 -atmosphere gas and police box high tension is applied between 
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the electrodes 2 and 3, as shown in drawing 1 2 , in the discharge space 34, the muscle 
of a countless very thin light will occur uniformly to an electric field and a parallel 
direction. The muscle of light is based on the streamer 1 1 .. Since the electrodes 2 and 
3 are covered with the dielectric 32, the electric charge of the streamer 1 1 flows and 
does not load the electrodes 2 and 3, but therefore, the electric charge in the 
discharge space 34 is accumulated in the dielectric 32 of the surface of the 
electrodes 2 and 3 (this is called wall charge). 

[0020]Since the electric field by this wall charge will serve as the alternating electric 
field and opposite direction which are supplied from the power supply 43 if the polarity 
of the power supply 43 is reversed from the state of drawing 16 (a) to the state of 
drawing 16 (b), if wall charge increases, the electric field of the discharge space 34 will 
fall and dielectric barrier discharge will stop it. However, in the half cycle of the 
alternation voltage of the following power supply 43, since the direction of the electric 
field by wall charge and the alternating electric field currently supplied from the power 
supply 43 is in agreement, dielectric barrier discharge occurs easily. That is, once 
dielectric barrier discharge begins, the rest can maintain dielectric barrier discharge 
on comparatively low voltage. 

[0021 ]Since the countless streamer 1 1 produced in dielectric barrier discharge is the 
dielectric barrier discharge itself produced in the discharge space 34, the current 
value which is flowing into the occurrences of the streamer 1 1 and each streamer 1 1 
influences plasma density. An example of the current/voltage characteristics in 
dielectric barrier discharge is shown in drawing 13. The current wave form (waveform 
of gap current) in dielectric barrier discharge is what was superimposed on spike 
shape current by the current wave form of sine wave shape, and when the streamer 
11 occurs, this spike shape current is current which is flowing into the discharge 
space 34, so that clearly from these current/voltage characteristics. ** in drawing 13 
shows the waveform of impressed electromotive force, and ** shows the waveform of 
gap current, respectively. 

[0022]The equivalent circuit of dielectric barrier discharge is shown in drawing 14. 
Each sign in a figure is as follows. 

Cd: The countless streamer 1 1 generated in the equivalent electric capacity 
Rp:plasma impedance discharge space 34 of the electric capacity Cgrdischarge space 
34 (discharge gap part) of the dielectric 32 of the surface of the electrodes 2 and 3 is 
equivalent to current flowing into Rp, when ON-OFF [ the switch S in a figure ]. As 
stated previously, plasma density is prescribed in equivalent circuit by the current 
value in the frequency of ON-OFF of the switch S, ON time, and ON time in order to 
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receive influence in the current value which is flowing into the occurrences of the 
streamer 1 1 , and each streamer 1 1 . 

[0023]Operation of dielectric barrier discharge is briefly explained using this 
equivalent circuit. The mimetic diagram of the current wave type of the 
impressed-electromotive-force waveform by the power supply 43, and Cg and Rp is 
shown in drawing 15 , Since the current which flows into Cg is a charge and discharge 
current of the equivalent capacitor of the discharge space 34, it does not turn into 
current which determines plasma density. On the other hand, plasma density becomes 
high, so that the temporal duration and the current value of this current are large, 
since the current which flows into Rp the moment the switch S turned on is current of 
streamer 1 1 itself. 

[0024]As mentioned above, dielectric barrier discharge will stop, if wall charge 
increases and the electric field of the discharge space 34 falls. Therefore, dielectric 
barrier discharge is not generated in the field (field of A2 of drawing 15) which the 
impressed electromotive force to the field (field of A1 of drawing 15 ) or the electrodes 
2 and 3 to which the impressed electromotive force to the electrodes 2 and 3 falls 
exceeding the maximum increases exceeding the minimum, Only the charge and 
discharge current of a capacitor will flow through a period until the polarity of the 
alternation voltage impressed by the power supply 43 is reversed. Therefore, when the 
impressed electromotive force to the time (this is called build up time) or the 
electrodes 2 and 3 of the field A2 which the impressed electromotive force to the 
electrodes 2 and 3 increases exceeding the minimum shortens time (this is called 
falling time) of the field A1 to which it falls exceeding the maximum, Time for dielectric 
barrier discharge to stop can become short, plasma density can be made high, and 
capability (efficiency) of plasma treatment can be made high. 

[0025]An example of an embodiment of the invention is shown in drawing 1 . This 
plasma treatment apparatus forms between the electrodes 2 and 3 by which the 
placed opposite was carried out as the discharge space 34, Between the electrodes 2 
and 3, connect with the electrodes 2 and 3, and establish the power supply 43 for 
impressing the voltage of an alternation voltage waveform without a quiescent period, 
and the dielectric 32 is formed in the discharge space 34 side of both electrodes 2 and 
3, It is formed by allocating the nozzle 1 2 for furthermore supplying the gas for plasma 
production to the discharge space 34 in the side of the electrodes 2 and 3. 
[0026]The electrodes 2 and 3 are formed in tabular with metallic materials, such as 
copper, aluminum, brass, and corrosion-resistant high stainless steel. The dielectric 
32 is what is formed tabular or filmy with dielectric materials (insulating material), As 
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dielectric materials, a dielectric constant can use 2000 or less thing, Vitreous 
materials and the charges of a ceramic material, such as porcelain enamel, quartz, 
alumina, and a yttria partial stabilization zirconium, Alumina (aluminum 2 0 3 ), titanium 
oxide (it is Ti0 2 at a titania), The material containing Si0 2 , AIN, Si 3 N, SiC, DLC 
(diamond Mr. carbon coat), barium titanate, PZT (lead titanate zirconate), a magnesia 
(MgO) simple substance, or magnesia can be illustrated. 

[0027]In forming such a dielectric 32 in the surface of the electrodes 2 and 3, and 
covering it (it coats), How to paste the surface of the electrodes 2 and 3 and to stick 
the dielectric 32 formed in tabular, And powder, such as alumina, barium titanate, 
titanium oxide, and PZT, is distributed in plasma, The plasma spray process it is made 
to spray on the surface of the electrodes 2 and 3, and silica, A solvent etc. distribute 
inorganic powder, such as tin oxide, a titania, zirconia, and alumina, After spraying and 
covering with a spray etc. on the surface of the electrodes 2 and 3, what is called a 
porcelain enamel coating method that carries out melting at the temperature of not 
less than 600 **, the formation method of the glassiness film by a sol gel process, etc. 
are employable. The surface of the electrodes 2 and 3 can also be coated with 
gaseous phase vacuum deposition (CVD) or physical vapor deposition (PVD). 
[0028]When forming the dielectric 32 with porcelain enamel, the formation method of 
the porcelain enamel currently performed from the former can be used as it is, For 
example, the method indicated to a glass handbook (Asakura Publishing, 1991.4.10, the 
12th **, p191-196), a practical use surface treatment technical conspectus (the 
volume for technical material research associations, the 1993.3.25 first edition, p731), 
etc. is employable, carrying out spray credit of the cover coat which uses inorganic 
powder (vitreous material), such as silica, tin oxide, a titania, zirconia, and alumina, as 
a raw material to the surface of the electrodes 2 and 3, or specifically soaking it in it 
almost (dipping) — etc. — it supplying, and the coat of a cover coat being formed in 
the surface of the electrodes 2 and 3, and after this, It can form by heat-treating for 1 
to 15 minutes at the temperature of 480-1000 **, and welding inorganic powder to the 
surface of the electrodes 2 and 3. 

[0029] As for the thickness of the dielectric 32, it is preferred to use 0.1-2 mm. If the 
thickness of the dielectric 32 is less than 0.1 mm, when there will be a possibility that 
the dielectric breakdown of the dielectric 32 may occur and dielectric barrier 
discharge may not arise and the thickness of the dielectric 32 will exceed 2 mm, there 
is a possibility that firing potential may become high and the operation start of a 
device may take a long time. 

[0030]Thus, the electrodes 2 and 3 can be protected from the sputtering action of the 
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plasma which the above dielectric barrier discharge can be generated by forming the 
dielectric 32 in the surface of the electrodes 2 and 3, and consists of many streamers 
11, or the corrosive action of the gas for plasma production, Degradation of the 
electrodes 2 and 3 can be lessened, and even if an impurity can be prevented from 
being generated from the electrodes 2 and 3 and it is prolonged use, it can avoid 
polluting a processed material from an impurity. 

[0031] As gas for plasma production, air and the dry air which hardly contains moisture 
preferably can be used. Since the dielectric barrier discharge which is not glow 
discharge is used in this invention, there is no necessity of using special gas, such as 
rare gas, and the cost concerning plasma treatment can be held down low. Rare gas 
other than helium or rare gas other than helium, and the gaseous mixture of reactant 
gas can be used as gas for plasma production for the reason of it being stabilized and 
generating dielectric barrier discharge. As rare gas, although argon, neon, krypton, etc. 
can be used, when the stability and economical efficiency of discharge are taken into 
consideration, it is preferred to use argon. Thus, since the dielectric barrier discharge 
which is not glow discharge is used in this invention, there is no necessity of using 
helium as rare gas, and the cost concerning plasma treatment can be held down low. 
The kind of reactant gas can be arbitrarily chosen according to the contents of 
processing. For example, when performing cleaning of the organic matter which exists 
on the surface of a processed material, exfoliation of resist, etching of an organic film, 
surface cleaning of LCD, surface cleaning of a glass plate, etc., it is preferred to use 
oxidizing gases, such as oxygen, air, C0 2 , and N 2 0. When fluorine system gas, such as 
CF 4 , can also be suitably used as reactant gas and it etches silicon etc., it is effective 
to use this fluorine system gas. When returning a metallic oxide, reducing gas, such as 
hydrogen and ammonia, can be used. The addition of reactant gas of below 10 
volume % is the range of 0.1 - 5 volume % preferably to the whole quantity of rare gas. 
If the addition of reactant gas is less than 0.1 volume %, when there will be a possibility 
that a treatment effect may become low and the addition of reactant gas will exceed 
10 volume %, there is a possibility that dielectric barrier discharge may become 
unstable. 

[0032]In carrying out plasma treatment of the tabular processed material 4 using the 
plasma treatment apparatus formed in this way by the shape of piece, such as a 
substrate for circuits, and a glass substrate for liquid crystals (short length), it carries 
out as follows. First, by impressing the voltage of an alternation voltage waveform 
which blow off the gas for plasma production from the nozzle 12, and it introduces into 
the discharge space 34, and does not have a quiescent period by the power supply 43 
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between the electrodes 2 and 3, The discharge space 34 is made to generate 
dielectric barrier discharge under atmospheric pressure or the pressure of the 
neighborhood (93.3 - 1 06.7kPa (700 - 800Torr)>, The discharge space 34 is made to 
generate the plasma which consists of the streamer 11 of a large number which 
piasma-ize the gas for plasma production by this dielectric barrier discharge, and 
include plasma active species. Then, plasma treatment can be performed by 
introducing the processed material 4 into the discharge space 34 at drawing 1 t as an 
arrow shows, and supplying plasma to the surface of the processed material 4. 
[0033]As voltage of an alternation voltage waveform without a quiescent period, the 
wave-like voltage of a sine wave can be used, for example. The voltage of an 
alternation voltage waveform without a quiescent period as shown in drawing 1 7 (a), 
(b), and (c) can also be used. And in this invention, even if there are little the build up 
time and falling time of this alternation voltage waveform, on the other hand, both are 
preferably made less than tOOmicrosec. If both build up time and falling time are more 
than tOOmicrosec, Plasma density in the discharge space 34 cannot be made high, the 
capability of plasma treatment becomes low, and it becomes difficult to generate the 
streamer 1 1 in the discharge space 34 uniformly, and it becomes impossible to 
perform uniform plasma treatment. Since build up time and falling time are so 
preferred that they are short, a minimum in particular is not set up, but it is 40 ns 
which can shorten build up time and falling time most with the power supply 43 which 
can be obtained now, and this serves as a substantial minimum. However, if build up 
time and falling time shorter than 40 ns are realizable with prospective technical 
development, it is preferred to use time shorter than 40 ns. 

[0034]In this invention, as shown in drawing 18 (a), it may impress and carry out 
between the electrodes 2 and 3 so that pulse form high tension may be superimposed 
on the voltage of an alternation voltage waveform without the quiescent period 
impressed between the electrodes 2 and 3. Thus, by superimposing pulse form high 
tension on the voltage of an alternation voltage waveform, An electron is accelerated 
in the discharge space 34 and the electron of high energy can be generated, It 
becomes possible to be able to ionize and excite efficiently the gas for plasma 
production in the discharge space 34 with the electron of this high energy, and to 
generate high-density plasma, and the efficiency of plasma treatment can be raised. 
[0035]Thus, when pulse form high tension is superimposed on the voltage of an 
alternation voltage waveform, It can be preferred to change time to impress [ to 
superimpose, after carrying out specified time elapse of the pulse form high tension 
immediately after the voltage-poles nature of an alternation voltage waveform 



- 10- 



JP 2002-058995 



changes and ] the pulse form high tension to superimpose, and, thereby, it can change 
the acceleration situation of the electron in the discharge space 34. Therefore, by 
changing the timing which impresses pulse form high tension between the electrodes 
2 and 3, it becomes possible to control ionization of the gas for plasma production in 
the discharge space 34, and an excitation state, and the plasma state suitable for 
desired plasma treatment can be made easily. 

[0036]As shown in drawing 18 (b), two or more pulse form high tensions may be 
superimposed in 1 cycle of an alternation voltage waveform, and, thereby, it carries 
out that it is easier to change the acceleration situation of the electron in the 
discharge space 34 than the case of drawing 1 8 (a). Therefore, by changing the timing 
which impresses pulse form high tension between the electrodes 2 and 3, it becomes 
easier to control ionization of the gas for plasma production in the discharge space 34, 
and an excitation state, and the plasma state suitable for desired plasma treatment 
can be made still more easily. 

[0037] As for the build up time of pulse form high tension, it is preferred to use less 
than O.lmicrosec. When the build up time of pulse form high tension exceeds 
O.lmicrosec, it becomes possible to follow and move to pulse form voltage, and the ion 
in the discharge space 34 also has a possibility that it may become impossible to 
accelerate only an electron efficiently. Therefore, by making build up time of pulse 
form high tension less than O.lmicrosec, the gas for plasma production can be 
efficiently ionized and excited in the discharge space 34, generation of high-density 
plasma is attained, and the efficiency of plasma treatment can be raised. 
[0038]As for the peak value of pulse form high tension, it is preferred to use more 
than the maximum voltage value of an alternation voltage waveform. When the peak 
value of pulse form high tension is less than the maximum voltage value of an 
alternation voltage waveform, the crowdedness effect of pulse form high tension will 
become low, and it will be in the almost same plasma state as the case where pulse 
form voltage is not superimposed. Therefore, by using more than the maximum voltage 
value of an alternation voltage waveform, the peak value of pulse form high tension 
can ionize and excite the gas for plasma production efficiently in the discharge space 
34, and the generation of high-density plasma of it is attained, and it can raise the 
efficiency of plasma treatment. 

[0039]The alternation voltage waveform without the quiescent period impressed 
between the electrodes 2 and 3 of this invention, It is preferred to pile up and form the 
alternation voltage waveform of two or more sorts of frequency, and to make it a 
waveform like drawing 19 , and by this, The electron in the discharge space 34 is 
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accelerated with the voltage of the frequency of a high frequency component, and the 
electron of high energy can be generated, The gas for plasma production can be 
efficiently ionized and excited in the discharge space 34 with the electron of this high 
energy, generation of high-density plasma is attained, and the efficiency of plasma 
treatment can be raised. 

[0040]As for the repeat frequency of the voltage of an alternation voltage waveform 
without the quiescent period impressed between the electrodes 2 and 3, it is preferred 
to set it as 0.5-200 kHz. Since the occurrences of the streamer 1 1 within unit time will 
decrease if this repeat frequency is less than 0.5 kHz, If there is a possibility that the 
plasma density of dielectric barrier discharge may become low, and the capability 
(efficiency) of plasma treatment may decline and the above-mentioned repeat 
frequency becomes higher than 200 kHz on the other hand, Since the streamer 11 
generated in unit time increases, although plasma density increases, it becomes easy 
to generate an arc and there is a possibility that the shrink (contraction) of discharge 
may arise and the dielectric barrier discharge in the whole region of the discharge 
space 34 may become difficult. 

[0041] Although the field intensity impressed between the electrodes 2 and 3 in the 
case of dielectric barrier discharge changes with the interval (gap length) of the 
electrodes 2 and 3, the kinds of gas for plasma production or the kinds of subject 
(processed material) of plasma treatment, etc., it is preferred to set [ cm ] up in 
1-200kV /. This field intensity is defined by (impressed electromotive force between 
electrodes 2 and 3)/(interval of the electrodes 2 and 3), and if this value is less than 1 
kV/cm, There is a possibility that the plasma density of dielectric barrier discharge 
may become low, and the capability (efficiency) of plasma treatment may decline, and 
when the above-mentioned field intensity becomes larger than 200 kV/cm on the 
other hand, there is a possibility of becoming easy to generate an arc and doing 
damage to the processed material 4. 

[0042]And since the plasma which consists of many streamers 11 by dielectric barrier 
discharge is generated in the plasma treatment apparatus of this invention, this 
plasma is supplied to the surface of the processed material 4 and plasma treatment is 
performed, helium used in order to generate glow discharge can be made unnecessary, 
and the cost concerning plasma treatment can be held down low. It is not glow 
discharge, and since dielectric barrier discharge is used, it can become possible to 
enlarge supplied power to the discharge space 34, plasma density can be made high, 
and capability of plasma treatment can be made high. That is, in glow discharge, many 
current pulses arise in the form corresponding to the streamer 11 at dielectric barrier 
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discharge to current flowing into the half cycle of voltage in the form of a current 
pulse only once. Therefore, in dielectric barrier discharge, it becomes possible to 
enlarge supplied power. The electric power supplied to the discharge space 34 by the 
plasma treatment using glow discharge like before can supply electric power to the 
discharge space 34 to an about 5W[/cm ] 2 grade in this invention, although the about 
2 W/cm 2 grade was a limit. In this invention, since at least one side of the build up time 
and falling time of an alternation voltage waveform is made less than 1 OOmicrosec, It is 
what can make high plasma density in the discharge space 34, and can make capability 
of plasma treatment high, It becomes easy to generate the streamer 1 1 in the 
discharge space 34 uniformly, homogeneity of the plasma density in the discharge 
space 34 can be made high, and uniform plasma treatment can be performed. 
[0043] Other embodiments are shown in drawing 2 . This plasma treatment apparatus 
performs plasma treatment by an in-line method. The chamber 1 formed in a cube 
type forms packing, such as an O ring, in a joining section, airtightness is formed highly, 
and the roller 5 is formed in the inside of the chamber 1 as a transportation means of 
the electrodes 2 and 3 and the processed material 4. One side of the chamber 1 is 
formed as the entrance 7, and the entrance 7 is formed of the inlet door 21 of the 
inline type provided in the chamber 1, enabling free opening and closing. That is, the 
entrance 7 is blockaded, when a slide drive is carried out by pneumatic pressure etc., 
the entrance 7 is wide opened by upper-driving and the inlet door 21 lower-drives. 
The side of another side of the chamber 1 is formed as the entrance 7 and the exit 8 
which counters, and the exit 8 is formed of the outlet door 22 of the inline type 
provided in the chamber 1, enabling free opening and closing. That is, the exit 8 is 
blockaded, when a slide drive is carried out by pneumatic pressure etc., the exit 8 is 
wide opened by upper-driving and the outlet door 22 lower-drives. The gas supply line 
30 protrudes on the upper surface of the chamber 1, and the gas exhausting pipe 31 
protrudes on the undersurface of the chamber 1 . 

[0044]As for the inner surface of the chamber 1, although the chamber 1 can also be 
formed with metal, such as synthetic resins, such as an acrylic resin, and stainless 
steel, it is preferred to coat with the same insulating material as the above-mentioned 
dielectric 32. Thus, by coating the inner surface of the chamber 1 with an insulating 
material, Discharge can be prevented from happening between the electrodes 2 and 3 
and the inner surface of the chamber 1, the discharge efficiency between the 
electrodes 2 and 3 can be raised, and plasma can be generated efficiently. The outside 
surface of the chamber 1 may also be coated with an insulating material. 
[0045] As shown in drawing 3 , the electrodes 2 and 3 are formed in tubed with the 
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same metallic material as the above, the electrode 2 is formed in a section 
abbreviation quadrangle, and the electrode 3 is formed in section approximate circle 
type, respectively. The inside of the electrodes 2 and 3 is formed as the channel 33 
which can pass a refrigerant. Ion exchange water and pure water can be used as a 
refrigerant. By using ion exchange water and pure water, an impurity is not contained 
in a refrigerant and the electrodes 2 and 3 become is hard to be corroded by the 
refrigerant. It is preferred that it is a fluid which has nonfreezing at 0 ** as a 
refrigerant, and has electric insulation, and incombustibility and chemical stability, for 
example, as for electric insulation performance, it is preferred that the withstand 
voltage spaced at 0.1 mm is not less than 10 kV. The reason for using the refrigerant 
which has the insulation of this range is for preventing the fault current from the 
electrode to which high tension is impressed. It may be the mixed liquor which could 
illustrate perfluorocarbon, hydro-fluoroether, etc. and added ethylene glycol five to 
60% of the weight to pure water as a refrigerant which has such character. 
Furthermore, a refrigerant may be air. 

[0046]And by letting a refrigerant pass during dielectric barrier discharge in the 
channel 33, cool the electrodes 2 and 3 and by this. Even if it generates dielectric 
barrier discharge using the voltage of an alternation voltage waveform with high 
frequency under atmospheric pressure or the pressure of the neighborhood, As the 
rise in heat of the electrodes 2 and 3 can be suppressed and the temperature (gas 
temperature) of plasma does not become high, thermally damaging of the processed 
material 4 can be lessened. Local heating of the discharge space 34 can be prevented, 
it can continue throughout the discharge space 34, and the streamer 11 can be 
generated more to homogeneity. 

[0047]The electrodes 2 and 3 formed as mentioned above are covered with the same 
dielectric 32 as the above in the whole outside surface. Two or more electrodes 2 and 
3 are allocated every in the chamber 1 by fixing the end to the electrode holder 
provided in the inner surface of the chamber 1. There are the three electrodes 2, it is 
arranged so that it may rank with the direction opposing of the entrance 7 and the exit 
8, and each electrode 2 is arranged so that the longitudinal direction may become an 
abbreviated level. There are the six electrodes 3, it is arranged at the electrode 2 
bottom so that it may rank with the direction opposing of the entrance 7 and the exit 
8, and each electrode 3 is arranged so that the longitudinal direction may become an 
abbreviated level. And each of the electrodes 2 and 3 is put in order via the 
predetermined interval so that the two electrodes 3 may counter up and down to the 
one electrode 2, and the space (opposite space) between the electrodes 2 and 3 
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which counter is formed as the discharge space 34. As shown in drawing 4 , the 
electrodes 2 and 3 are electrically connected to the power supply 43, and the 
electrode 3 is grounded. 

[0048]The roller 5 is formed in the round cross section using heat-resistant high 
synthetic resins, such as poiytetrafluoroethylene (brand name: Teflon). As this roller 5 
is in [ four ] the chamber 1 and the two electrodes 3 are made to intervene among the 
adjacent rollers 5 and 5, it is arranged so that it may rank with the direction opposing 
of the entrance 7 and the exit 8, and each roller 5 is arranged so that that longitudinal 
direction may become an abbreviated level. The upper part of the roller 5 is located 
above the upper part of the electrode 3. That is, the roller 5 is in the chamber 1, and is 
arranged in parts other than the opposite space (discharge space 34) between the 
electrodes 2 and 3. One end of each roller 5 penetrates the side attachment wall of 
the chamber 1, and is projected by the outside of the chamber 1, and the drive 
transmission belt 36 is passed over the end of the roller 5 using the pulley etc. As 
shown in drawing 5 , the drive transmission belt 36 is passed over the axis of rotation 
37 of the driving sources 10, such as a motor allocated by the outside of the chamber 
1. Thus, the chamber 1 can be miniaturized by forming the driving source 10 of the 
roller 5 in the exterior of the chamber 1 . And by operating the driving source 10 and 
rotating the axis of rotation 37, the drive transmission belt 36 runs, and it is formed so 
that the roller 5 may rotate according to advance of this drive transmission belt 36. 
[0049]In carrying out plasma treatment of the tabular processed material 4 using the 
plasma treatment apparatus formed in this way by the shape of piece, such as a 
substrate for circuits, and a glass substrate for liquid crystals (short length), it carries 
out as follows. First, by impressing the voltage of an alternation voltage waveform 
which the same gas for plasma production as the above is supplied in the chamber 1 
through the gas supply line 30 as the arrow a shows, and does not have the same 
quiescent period as the above by the power supply 43 between the electrodes 2 and 3, 
The discharge space 34 is made to generate dielectric barrier discharge under 
atmospheric pressure or the pressure of that neighborhood, and the discharge space 
34 is made to generate the plasma which consists of the streamer 1 1 of a large 
number which plasmaHze the gas for plasma production by this dielectric barrier 
discharge, and include plasma active species. The excessive gas for plasma 
production is discharged out of the chamber 1 through the gas exhausting pipe 31, as 
the arrow b shows. 

[0050]After generating plasma to the discharge space 34 as mentioned above, make 
the roller 5 rotate clockwise by operating the driving source 10, and. As shown in 
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drawing 6 (a), the inlet door 21 is made to upper-******, the entrance 7 of the 
chamber 1 is opened wide, and the processed material 4 is introduced in the chamber 
1 from the entrance 7. The processed material 4 introduced in the chamber 1 is 
carried on the roller 5, and is conveyed by rotation of the roller 5 to the discharge 
space 34. If the processed material 4 is settled in the chamber 1, as shown in drawing 
6_(b), the downward moving drive of the inlet door 21 will be carried out, the entrance 
7 of the chamber 1 will be blockaded, and the inside of the chamber 1 will be sealed. 
And as shown in drawing 6 (c), being conveyed with the roller 5, the processed 
material 4 introduced in the chamber 1 passes through the discharge space 34, and 
plasma treatment is carried out continuously. Then, as shown in drawing 6 (d), the 
outlet door 22 will be made to upper-******, the exit 8 of the chamber 1 will be 
opened wide, and if the processed material 4 approaches the exit 8, as shown in 
drawing 6 (e), the processed material 4 by which plasma treatment was carried out 
from the exit 8 of the chamber 1 will be derived by rotation of the roller 5. Thus, 
plasma treatment can be carried out, conveying continuously the processed material 4 
of two or more sheets. 

[0051 ]The following disposal methods are also employable. After generating plasma to 
the discharge space 34 as mentioned above, make the roller 5 rotate clockwise by 
operating the driving source 10, and. As shown in drawing 6 (a), the inlet door 21 is 
made to upper-******, the entrance 7 of the chamber 1 is opened wide, and the 
processed material 4 is introduced in the chamber 1 from the entrance 7. The 
processed material 4 introduced in the chamber T is carried on the roller 5, and is 
conveyed by rotation of the roller 5 by the approximately center part in the discharge 
space 34. If the processed material 4 is conveyed by the approximately center part in 
the discharge space 34, by stopping the driving source 10, rotation of the roller 5 will 
be stopped and conveyance of the processed material 4 will be interrupted. Next, as 
shown in drawing 6 (b), the downward moving drive of the inlet door 21 is carried out, 
the entrance 7 of the chamber 1 is blockaded, and the inside of the chamber 1 is 
sealed. Next, as drawing 6 (c) shows, only predetermined time stops the treatment 
object 4 in the discharge space 34, and performs plasma treatment to the processed 
material 4. Next, as shown in drawing 6 (d) t the outlet door 22 is made to 
upper-****** and the exit 8 of the chamber 1 is opened. Next, by operating the 
driving source 10, by making the roller 5 rotate clockwise, conveyance of the 
processed material 4 is resumed, and as shown in drawing 6 (e), the processed 
material 4 by which plasma treatment was carried out from the exit 8 of the chamber 
1 is derived. Thus, by supplying the processed material 4 to a plasma treatment 
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apparatus, plasma treatment can be continuously performed to the processed 
material 4 of two or more sheets. 

[0052]According to this embodiment, since the roller 5 is formed only in the chamber 
1 as a transportation means for conveying the processed material 4, out of the 
chamber 1, a transportation means can project greatly, and can twist, and it can be 
made like, and can miniaturize. Since the abbreviated overall length of the chamber 1 
is covered, and two or more rollers 5 are put in order and formed in the direction 
opposing of the entrance 7 and the exit 8, An abbreviated overall length is covered in 
the processed material 4 with two or more rollers 5, it supports from the bottom, the 
processed material 4 can be prevented from bending within the chamber 1, and 
conveyance of the processed material 4 and plasma treatment of the processed 
material 4 can be performed good. By arranging two or more electrodes 2 side by side, 
and arranging and arranging so that each electrode 2 bottom may be countered in two 
or more electrodes 3, and arranging the roller 5 between the adjacent electrodes 3, It 
is in the chamber 1 and the roller 5 can be arranged in parts other than the opposite 
space (discharge space 34) between the electrodes 2 and 3, It is a thing the obstacle 
of dielectric barrier discharge can be prevented from existing among the electrodes 2 
and 3 as the roller 5 is not made to intervene between the electrode 2 and the 
electrode 3, Dielectric barrier discharge happens stably, it can continue throughout 
the discharge space 34 and many streamers 1 1 can be generated almost uniformly. 
And plasma treatment of the processed material 4 of the thick material which has the 
distance between the electrodes 2 and 3 and the thickness of an abbreviated EQG 
can be carried out. In addition, by making the entrance 7 and the exit 8 into an opened 
state only at the time of introduction of the processed material 4 into the chamber 1 , 
and derivation of the processed material 4 to the outside of the chamber 1, and 
making the entrance 7 and the exit 8 into a closed state at the time of plasma 
treatment, The useless outflow of the gas for plasma production from the chamber 1 
can be stopped to the minimum, and the gas for plasma production can be used 
efficiently. 

[0053]Other embodiments are shown in drawing 7 . This plasma treatment apparatus is 
a thing about **** in plasma treatment in a shuttle system, one side of the chamber 1 
formed in a cube type like the above is formed as the entrance 6, and the entrance 6 
is formed of the shuttle type entrance door 20 provided in the chamber 1, enabling 
free opening and closing. That is, the entrance 6 is blockaded, when a slide drive is 
carried out by pneumatic pressure etc., the entrance 6 is wide opened by 
upper-driving and the entrance door 20 lower-drives. The same electrodes 2 and 3 as 
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the above and the roller 5 are formed in the inside of the chamber 1 , and the driving 
source 10 is formed in the exterior of the chamber 1 like the above. 
[0054]In carrying out plasma treatment of the tabular processed material 4 using the 
plasma treatment apparatus formed in this way by the shape of piece, such as a 
substrate for circuits, and a glass substrate for liquid crystals (short length), it carries 
out as follows. First, dielectric barrier discharge is generated like the above in the 
discharge space 34, and plasma is generated. Next, the roller 5 is made to rotate 
clockwise by operating the driving source 10, and as shown in drawing 8 (a), the 
entrance door 20 is made to upper-******, the entrance 6 of the chamber 1 is 
opened wide, and the processed material 4 is introduced in the chamber 1 from the 
entrance 6. The processed material 4 introduced in the chamber 1 is carried on the 
roller 5, and is conveyed by rotation of the roller 5 to the discharge space 34. If the 
processed material 4 is settled in the chamber I, as shown in drawing 8 (b), the 
downward moving drive of the entrance door 20 will be carried out, the entrance 6 of 
the chamber 1 will be blockaded, and the inside of the chamber 1 will be sealed. And as 
shown in drawing 8 (c), plasma treatment of the processed material 4 introduced in 
the chamber 1 is carried out continuously, being conveyed toward the entrance 6 and 
an opposite hand with the roller 5. Then, if the processed material 4 approaches the 
entrance 6 and an opposite hand, the processed material 4 will be conveyed toward 
the entrance 6 side by making the roller 5 rotate counter clockwise. At this time, 
plasma treatment may be performed to the processed material 4 (while conveying the 
processed material 4 toward the entrance 6 side), and it may not be made not to carry 
out. Then, if the processed material 4 approaches the entrance 6, as shown in drawing 
8__(d), the entrance door 20 will be made to upper-******, the entrance 6 of the 
chamber 1 will be opened wide, and the processed material 4 by which plasma 
treatment was carried out will be derived by rotation of the roller 5. Thus, plasma 
treatment can be carried out continuously, conveying the processed material 4. 
[0055]The following disposal methods are also employable. After generating plasma to 
the discharge space 34 as mentioned above, make the roller 5 rotate clockwise by 
operating the driving source 10, and. As shown in drawing 8 (a), the entrance door 20 
is made to upper-******, the entrance 6 of the chamber 1 is opened wide, and the 
processed material 4 is introduced in the chamber 1 from the entrance 6. The 
processed material 4 introduced in the chamber 1 is carried on the roller 5, and is 
conveyed by rotation of the roller 5 by the approximately center part in the discharge 
space 34. If the treatment object 4 is conveyed by the approximately center part in 
the discharge space 34, by stopping the driving source 10, rotation of the roller 5 will 
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be stopped and conveyance of the processed material 4 will be interrupted. Next, as 
shown in drawing 8 (b), the downward moving drive of the entrance door 20 is carried 
out, the entrance 6 of the chamber 1 is blockaded, and the inside of the chamber 1 is 
sealed. Next, as drawing 8 (c) shows, only predetermined time stops the treatment 
object 4 in the discharge space 34, and performs plasma treatment to the processed 
material 4. Next, as shown in drawing 8 (d), the entrance door 20 is made to 
upper-****** and the entrance 6 of the chamber 1 is opened. Next, by operating the 
driving source 10, by making the roller 5 rotate counter clockwise, conveyance of the 
processed material 4 is resumed and the processed material 4 by which plasma 
treatment was carried out from the entrance 6 of the chamber 1 is derived. Thus, by 
supplying the processed material 4 to the plasma treatment apparatus, plasma 
treatment can be continuously performed to the processed material 4 of two or more 
sheets. 

[0056]This embodiment is what has the same effect as the above-mentioned 
embodiment, In addition, by making the entrance 6 into an opened state only at the 
time of introduction of the processed material 4 into the chamber 1, and derivation of 
the processed material 4 to the outside of the chamber 1, and making the entrance 6 
into a closed state at the time of plasma treatment, The useless outflow of the gas for 
plasma production from the chamber 1 can be stopped to the minimum, and the gas 
for plasma production can be used efficiently. The entrance 6 for deriving introduction 
of the processed material 4 to the chamber 1 and the processed material 4 from the 
chamber 1 is established in one side of the chamber 1, Since it formed in both normal 
rotations and reversal of the roller 5 for conveying the processed material 4, enabling 
free rotation, By introducing the processed material 4 in the chamber 1 from the 
entrance 6 by normal rotation of the roller 5, and deriving the processed material 4 
from the entrance 6 out of the chamber 1 by reversal of the roller 5, The processed 
material 4 from [ only from the direction in which the entrance 6 was established ] 
introduction and the chamber 1 of the processed material 4 to the chamber 1 can be 
derived, a space required for the surroundings of the chamber 1 can be made small in 
the case of plasma treatment, and space-savingHzation can be attained. 
[0057]Other embodiments are shown in drawing 9 . The chamber 1 of this plasma 
treatment apparatus is what is formed in a cube type like the above, one side 
attachment wall 50 of the chamber 1 — abbreviated — while the slit shape 
horizontally long entrance 7 is formed — the side attachment wall 51 of another side 
of the chamber 1 — abbreviated — it is formed so that the slit shape horizontally long 
exit 8 may counter with the entrance 7. The same electrodes 2 and 3 as the above 
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and the roller 5 are formed in the inside of the chamber 1, and the driving source 10 is 
formed in the exterior of the chamber 1 like the above. The introduction side 
relaxation chamber 9a is formed in the outside of one side attachment wall 50 of the 
chamber 1 as the relaxation chamber 9 at one. As the introduction side relaxation 
chamber 9a encloses the entrance 7, it is formed, and the slit shape long relaxation 
chamber feed port 40 makes it counter one side attachment wall 50 of the chamber 1, 
and the side attachment wall 52 of the introduction side relaxation chamber 9a which 
counters with the entrance 7, and it is formed in the abbreviated level at them. In the 
introduction side relaxation chamber 9a, the roller 5 in the chamber 1 and the roller 5 
formed similarly enabling free rotation are formed. The derivation side relaxation 
chamber 9b is formed in the outside of the side attachment wall 51 of another side of 
the chamber 1 as the relaxation chamber 9 at one. As the derivation side relaxation 
chamber 9b encloses the exit 8, it is formed, and the slit shape long relaxation 
chamber derivation port 41 makes it counter the side attachment wall 51 of another 
side of the chamber 1 , and the side attachment wall 53 of the derivation side 
relaxation chamber 9b which counters with the exit 8, and it is formed in the 
abbreviated level at them. In the introduction side relaxation chamber 9b, the roller 5 
in the chamber 1 and the roller 5 formed similarly enabling free rotation are formed. 
[0058]In carrying out plasma treatment of the tabular processed material 4 using the 
plasma treatment apparatus formed in this way by the shape of piece, such as a 
substrate for circuits, and a glass substrate for liquid crystals (short length), it carries 
out as follows. First, dielectric barrier discharge is generated like the above in the 
discharge space 34, and plasma is generated. Next, the roller 5 is made to rotate 
clockwise by operating the driving source 10, and as shown in drawing 10 (a), the 
processed material 4 is introduced in the chamber 1 from the relaxation chamber feed 
port 40 and the entrance 7. The processed material 4 introduced in the chamber 1 is 
carried on the roller 5, and is conveyed by rotation of the roller 5 to the discharge 
space 34. And as shown in drawing 10 (b), being conveyed with the roller 5, the 
processed material 4 introduced in the chamber 1 passes through the discharge space 
34, and plasma treatment is carried out continuously. Then, as shown in drawing 10 (c), 
the processed material 4 by which plasma treatment was carried out from the exit 8 
and the relaxation chamber derivation port 41 is derived by rotation of the roller 5. 
Thus, by supplying the processed material 4 to the plasma treatment apparatus, 
plasma treatment can be continuously performed to the processed material 4 of two 
or more sheets. 

[0059]The following disposal methods are also employable. After generating plasma to 
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the discharge space 34 as mentioned above, the roller 5 is made to rotate clockwise 
by operating the driving source 10, and as shown in drawing 10 ( a), the processed 
material 4 is introduced in the chamber 1 from the relaxation chamber feed port 40 
and the entrance 7. The processed material 4 introduced in the chamber 1 is carried 
on the roller 5, and is conveyed by rotation of the roller 5 by the approximately center 
part in the discharge space 34. If the treatment object 4 is conveyed by the 
approximately center part in the discharge space 34, as shown in drawing 1 0 (b), By 
stopping the driving source 10, rotation of the roller 5 is stopped, conveyance of the 
processed material 4 is interrupted, and only predetermined time stops the treatment 
object 4 in the discharge space 34, and performs plasma treatment to the processed 
material 4. Next, by operating the driving source 10, by making the roller 5 rotate 
clockwise, conveyance of the processed material 4 is resumed, and as shown in 
drawing 10 CoX the processed material 4 by which plasma treatment was carried out 
from the exit 8 and the relaxation chamber derivation port 41 is derived. Thus, by 
supplying the processed material 4 to the plasma treatment apparatus, plasma 
treatment can be continuously performed to the processed material 4 of two or more 
sheets. 

[0060]According to this embodiment, since the entrance 7 and the exit 8 are formed in 
the always opened slit shape, the mechanism to which the switching action of the door 
and door for opening and closing the entrance 7 and the exit 8 is carried out is 
unnecessary, and structure can be simplified. Quantity of the open air (air) which 
quantity of the gas for plasma production which flows out of the chamber 1 through 
the entrance 7 and the exit 8 can be lessened since the relaxation chamber 9 is 
formed so that the entrance 7 and the exit 8 may be enclosed, and flows into the 
chamber 1 through the entrance 7 and the exit 8 can be lessened, By the outflow of 
the gas for plasma production by the relaxation chamber 9, and the moderating 
actions of an inflow of the open air. Even if the entrance 7 and the exit 8 have always 
opened wide, The concentration of the gas for plasma production in the chamber 1 
can be maintained at approximately regulated, and it is stabilized, and can generate 
homogeneous plasma, and. The useless outflow of the gas for plasma production from 
the chamber 1 can be stopped to the minimum, and the gas for plasma production can 
be used efficiently. 

[0061]Also in which above-mentioned embodiment, the position of the number of the 
electrodes 2 and 3 or the roller 5, the gas supply line 30, and the gas exhausting pipe 
31 is arbitrary. 
[0062] 
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[Example]An example explains this invention concretely below. 

[0063](Example 1) Plasma treatment of the processed material 4 was performed using 
the plasma treatment apparatus shown in drawing 1 . 

[0064]The electrodes 2 and 3 were formed with the plate made from stainless steel 
(SUS304), and formed the discharge space 34 by carrying out the placed opposite of 
these electrodes 2 and 3 at intervals of 5 mm. The dielectric 32 made from silica glass 
was formed in the surface by the side of the discharge space 34 of the electrodes 2 
and 3 at 1 mm in thickness. Dry air was used as gas for plasma production. As the 
processed material 4, the glass for liquid crystals (that whose degree of angle of 
contact of the water before plasma treatment is about 45 degrees) was used. 
[0065]And by impressing the voltage of an alternation voltage waveform which blow 
off the gas for plasma production from the nozzle 12, and it introduces into the 
discharge space 34, and does not have a quiescent period by the power supply 43 
between the electrodes 2 and 3, Make the discharge space 34 generate dielectric 
barrier discharge under atmospheric pressure, and the discharge space 34 is made to 
generate the plasma which consists of the streamer 11 of a large number which 
plasmaHze the gas for plasma production by this dielectric barrier discharge, and 
include plasma active species, Then, plasma treatment (removal of an organic matter) 
was performed by introducing the processed material 4 into the discharge space 34, 
and supplying plasma to the surface of the processed material 4. 
[0066]This voltage was impressed between the electrodes 2 and 3 on the conditions 
shown in Table 1 using what is shown in Table 1 as voltage of an alternation voltage 
waveform without the quiescent period impressed between the electrodes 2 and 3. 
[0067](Examples 2-4) Plasma treatment was performed like Example 1 except having 
impressed this voltage between the electrodes 2 and 3 on the conditions shown in 
Table 1 using what is shown in Table 1 as voltage of an alternation voltage waveform 
without the quiescent period impressed between the electrodes 2 and 3. 
[0068](Comparative example 1) Plasma treatment was performed like Example 1 
except having made the discharge space 34 generate glow discharge, using helium as 
gas for plasma production. 

[0069](Comparative example 2) Plasma treatment was performed like Example 1 
except having used voltage with the quiescent period which a waveform shows to 
drawing 20 . 

[0070](Gomparative example 3) Plasma treatment was performed like Example 1 
except having used the voltage of the alternation voltage waveform in which 
250microsec does not have build up time, and 250micro sec of a quiescent period 
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does not have falling time. 

[0071]The homogeneity of plasma density [ in / comparative examples / 1-3 / the 
above-mentioned Examples 1-4 and / the discharge space 34 ], the homogeneity of 
plasma treatment, and the capability of plasma treatment were evaluated. 
[0072]The variation in the luminescence intensity at the time of discharge estimated 
the homogeneity of the plasma density in the discharge space 34. 
[0073]The variation in the degree of angle of contact of the water of the processed 
material 4 estimated the homogeneity of plasma treatment. 

[0074]The degree of angle of contact of the water of the processed material 4 

estimated the capability of plasma treatment. 

[0075]A result is shown in Table 1. 

[0076] 

[Table 1] 
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[0077]In Examples 1-4 which performed plasma treatment by the dielectric barrier 
discharge generated using dry air, so that clearly from Table 1. It was a thing for 10 or 
less seconds which can make the degree of angle of contact of the water of the 
processed material 4 5 degrees or less from about 45 degrees by short-time plasma 
treatment dramatically, and can remove the organic matter of the surface of glass in a 
short time. 

[0078]On the other hand, in the comparative example 1 which performed plasma 
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treatment by the conventional glow discharge using helium, the processing time more 
than double [ of Examples 1-4 which performed plasma treatment by dielectric barrier 
discharge ] started. Also in the comparative example 2 only using pulse form 
wave-like voltage, prolonged plasma treatment was required. In the case of the 
comparative example 3 using the voltage of the alternation voltage waveform on which 
both build up time and falling time exceed tOOmicrosec, the homogeneity of plasma 
density and the homogeneity of plasma treatment were low, and the time which 
plasma treatment takes also became very long. 
[0079] 

[Effect of the Invention]The invention of claim 1 of this invention forms between the 
electrodes by which the placed opposite was carried out as discharge space as 
mentioned above, A dielectric is provided in the discharge space side of at least one 
electrode among the electrodes by which the placed opposite was carried out. In the 
plasma treatment apparatus made to generate dielectric barrier discharge in discharge 
space under the pressure near the atmospheric pressure by supplying the gas for 
plasma production to discharge space, and impressing voltage to inter-electrode, 
Since the waveform of the voltage impressed to inter-electrode is made into an 
alternation voltage waveform without a quiescent period and build up time of this 
alternation voltage waveform is made less than 100microsec, By performing plasma 
treatment using the dielectric barrier discharge which is not glow discharge, It can 
become possible to be able to hold down low the cost which becomes unnecessary 
[ helium ] and starts plasma treatment, and to enlarge supplied power to discharge 
space, plasma density can be made high, and capability of plasma treatment can be 
made high. 

And by making build up time less than 100microsec, it becomes easy to generate a 
streamer in discharge space uniformly, homogeneity of the plasma density in 
discharge space can be made high, and uniform plasma treatment can be performed. 

[0080]The invention of claim 2 of this invention forms between the electrodes by 
which the placed opposite was carried out as discharge space, A dielectric is provided 
in the discharge space side of at least one electrode among the electrodes by which 
the placed opposite was carried out, In the plasma treatment apparatus made to 
generate dielectric barrier discharge in discharge space under the pressure near the 
atmospheric pressure by supplying the gas for plasma production to discharge space, 
and impressing voltage to inter-electrode, Since the waveform of the voltage 
impressed to inter-electrode is made into an alternation voltage waveform without a 
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quiescent period and falling time of this alternation voltage waveform is made less 
than TOOmicrosec, By performing plasma treatment using the dielectric barrier 
discharge which is not glow discharge, It can become possible to be able to hold down 
low the cost which becomes unnecessary [ helium ] and starts plasma treatment, and 
to enlarge supplied power to discharge space, plasma density can be made high, and 
capability of plasma treatment can be made high. 

And by making falling time less than lOOmicrosec, it becomes easy to generate a 
streamer in discharge space uniformly, homogeneity of the plasma density in 
discharge space can be made high, and uniform plasma treatment can be performed. 

[0081 ]In the invention of claim 3 of this invention, the repeat frequency of an 
alternation voltage waveform shall be 0.5-200 kHz. 

Therefore, capability of plasma treatment can be made high, being able to make 
plasma density of dielectric barrier discharge high, and preventing [ can prevent 
contraction of an arc or discharge, and ] the damage to a processed material, and poor 
discharge. 

[0082]In the invention of claim 4 of this invention, field intensity impressed to 
inter-electrode is made into 1 - 200 kV/cm. 

Therefore, capability of plasma treatment can be made high, being able to make 
plasma density of dielectric barrier discharge high, and preventing [ can prevent an arc, 
and ] the damage to a processed material. 

[0083]In the invention of claim 5 of this invention, pulse form high tension is 
superimposed on the voltage of an alternation voltage waveform without the 
quiescent period impressed to inter-electrode. 

Therefore, an electron is accelerated in discharge space and the electron of high 
energy can be generated, It becomes possible to be able to ionize and excite 
efficiently the gas for plasma production in discharge space with the electron of this 
high energy, and to generate high-density plasma, and the efficiency of plasma 
treatment can be raised. 

[0084]In the invention of claim 6 of this invention, it superimposes, after carrying out 
specified time elapse of the pulse form high tension immediately after the 
voltage-poles nature of an alternation voltage waveform changes. 
Therefore, by changing the timing which can change the acceleration situation of the 
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electron in discharge space, therefore impresses pulse form high tension to 
inter-electrode, It becomes possible to control ionization of the gas for plasma 
production in discharge space, and an excitation state, and the plasma state suitable 
for desired plasma treatment can be made easily. 

[0085]Since the invention of claim 7 of this invention superimposes two or more pulse 
form high tensions in 1 cycle of an alternation voltage waveform, it is a becoming thing 
which is carried out that it is easy to change the acceleration situation of the electron 
in discharge space. 

Therefore, by changing the timing which impresses pulse ( form high tension to 
inter-electrode, it becomes easier to control ionization of the gas for plasma 
production in discharge space, and an excitation state, and the plasma state suitable 
for desired plasma treatment can be made still more easily. 

[0086]In the invention of claim 8 of this invention, build up time of pulse form high 
tension is made less than O.lmicrosec. 

Therefore, only the electron in discharge space is efficiently accelerable, the gas for 
plasma production can be efficiently ionized and excited in discharge space, 
generation of high-density plasma is attained, and the efficiency of plasma treatment 
can be raised. 

[0087]In the invention of claim 9 of this invention, peak value of pulse form high 
tension is made more than the maximum voltage value of an alternation voltage 
waveform. 

Therefore, the gas for plasma production can be efficiently ionized and excited in 
discharge space, generation of high-density plasma is attained, and the efficiency of 
plasma treatment can be raised. 

[0088]In the invention of claim 10 of this invention, the alternation voltage waveform 
of two or more sorts of frequency is piled up, and an alternation voltage waveform 
without the quiescent period impressed to inter-electrode is formed. 
Therefore, the electron in discharge space is accelerated with the voltage of the 
frequency of a high frequency component, and the electron of high energy can be 
generated, The gas for plasma production can be efficiently ionized and excited in 
discharge space with the electron of this high energy, generation of high-density 
plasma is attained, and the efficiency of plasma treatment can be raised. 
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[0089]Since the invention of claim 11 of this invention performs plasma treatment 
using the plasma treatment apparatus according to any one of claims 1 to 10, By 
performing plasma treatment using the dielectric barrier discharge which is not glow 
discharge, It can become possible to be able to hold down low the cost which becomes 
unnecessary [ helium ] and starts plasma treatment, and to enlarge supplied power to 
discharge space, plasma density can be made high, and capability of plasma treatment 
can be made high. 

And by making build up time and falling time less than 100microsec, it becomes easy 
to generate a streamer in discharge space uniformly, homogeneity of the plasma 
density in discharge space can be made high, and uniform plasma treatment can be 
performed. 
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